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EXECUTIVE SUMMARY 

The Chehalis River Basin Flood Control Zone District (Applicant) is proposing to construct the Chehalis 
River Basin Flood Damage Reduction Project (proposed project).  The Applicant proposes to construct a 
flood retention facility with a temporary reservoir near the town of Pe Ell, Lewis County, Washington.  
Airport Levee Improvements would be constructed around the Chehalis-Centralia Airport in the city of 
Chehalis, Lewis County, Washington.   

This discipline report describes the affected environment and potential impacts of the National 
Environmental Policy Act Environmental Impact Statement alternatives on geology (soils) and 
geologically unstable areas (e.g., unstable slopes and seismic hazards).  This includes geological 
conditions and their potential impacts on the stability of the project features.   

The alternatives considered include the following:   

• No Action Alternative.  This represents the conditions anticipated without the proposed project 
over the course of the analysis period from 2025 through 2080. 

• Alternative 1 (Proposed Project):  Flood Retention Expandable (FRE) Facility and Airport Levee 
Improvements.  Alternative 1 is the Applicant’s proposed project and includes the FRE Facility 
and Airport Levee Improvements.   

• Alternative 2:  Flood Retention Only (FRO) Facility and Airport Levee Improvements.  
Alternative 2 would be the same as Alternative 1, except that the flood retention facility would 
be built on a smaller foundation.  The Alternative 2 facility, called an FRO facility, would not be 
designed to allow for potential future expansion of flood storage capacity.   

For Alternatives 1 and 2, the direct and indirect impacts from construction and operation of the 
proposed flood retention facilities and Airport Levee Improvements were considered.  The expected 
duration of the impacts (temporary versus permanent) were also determined.  If permitted, the 
Applicant expects flood retention facility construction would begin in 2025 and operations in 2030, and 
the Airport Levee Improvements construction would occur over a 1-year period between 2025 and 
2030.  The Environmental Impact Statement analyzes probable impacts from the proposed project and 
alternatives for construction during from 2025 to 2030 and for operations from 2030 to 2080.   

For the purposes of analyzing the potential impacts of the alternatives, this report considered the 
effects in the context of three floods:  a major flood, a catastrophic flood, and a back-to-back flood.  
Although a “major” flood is defined as one that would happen on average once every 7 years, modeling 
of major floods is based on flows that would occur on average once every 10 years.  This is because the 
difference between 7-year flows and 10-year flows is minor.  For the purposes of this report, a major 
flood is represented by the 10-year flood, and a “catastrophic” flood is represented by a 100-year flood.  
A “back-to-back” flood is where a major flood is followed by a catastrophic flood in the following year.   
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Table ES-1 summarizes the construction and operations impacts for Alternative 1 compared to the No 
Action Alternative.  Impacts from Alternative 1 are also described in the following sections.  The 
construction-related impacts of Alternative 2 would be similar to Alternative 1 but would result in lower 
impacts because of the reduced size of the flood retention facility and reduced construction duration.  
The operational impacts of Alternative 2 are expected to be the same as Alternative 1.   

Impacts on Geology and Soils 
Direct impacts on geology from the construction of Alternative 1 would include low permanent soil loss, 
low to medium increases in soil erosion, and low impacts associated with bedrock excavation for the 
FRE facility.  Implementation of site-specific stormwater and erosion control measures, scaled to the size 
of the disturbed area, would help to minimize soil erosion impacts.  Indirect construction impacts 
related to geology and soils could result in off-site sedimentation that could adversely affect water 
quality.  These impacts are discussed in the discipline report on water quantity and quality 
(Corps 2020a). 

Over the long term, there would be a potential for a high impact on geology and soils from increased 
erosion in the flood retention facility project area.  High increased erosion is expected to occur mainly in 
the footprint of the temporary reservoir because of long-term changes to vegetation.  Changes are 
expected because trees are not likely to regrow after they are removed during construction in the lower 
elevations near the Chehalis River.  This is because periodic flooding would create different soil 
conditions over time that would make it harder for trees to regrow.  Trees would also be cleared from 
the lower elevations by the Applicant to maintain safe operations for the FRE facility.   

There would be negligible changes to soil erosion and slope instability from operation of the Airport 
Levee Improvements.   

Impacts from Geologic Hazards 
Geologic hazard impacts could happen during construction if unstable conditions are created or people 
or structures are exposed to new risk of harm from earthquakes.  Analysis of rock characteristics 
indicates that slopes where construction is proposed are stable.  In addition, the proposed FRE facility, 
related structures, and Airport Levee Improvements would be required to obtain all necessary permit 
and approvals prior to construction.  This means that the proposed design would be required to meet 
standards to minimize the potential for impacts related to geologic hazards.   

During active construction, any new structures may not yet be earthquake resistant.  This means there 
would be a low chance that damage, or injury could occur if an earthquake were to happen.  The 
potential impact is low because the chance of a large-scale earthquake happening during construction is 
unlikely.   

Over the long-term, earthquake shaking impacts on FRE facility structures or the Airport Levee 
Improvements are expected to be low.  As noted above, this is because the Applicant would be required 
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to obtain the necessary permit and approvals to ensure the facilities are safely designed and built.  In 
the event of an earthquake that was severe enough for the FRE facility to fail, the potential 
consequences could be significant.  However, it is very unlikely that such a large earthquake would occur 
at the same time that the temporary reservoir was full.   

During operations, there would also be low to medium increases in the potential for landslides and 
increased instability in areas with steeper slopes.  As noted above, this is because of changes to 
vegetation that would be expected over time in the footprint of the temporary reservoir.  During 
drawdown of the temporary reservoir, slope stability, road stability, stream sedimentation, and hillslope 
and road erosion impacts would be high.  There is also the potential for increased risk or large waves 
happening if an earthquake happened when the reservoir was full.  As noted previously, the chance of 
this happening is very unlikely and the impact is considered to be low.   

Because the Chehalis-Centralia Airport levee already exists, there would be no change from existing 
conditions despite the proposed Airport Levee Improvements.   
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Table ES-1  
Geology and Geologically Unstable Areas Potential Impacts 

ALTERNATIVE 1 (PROPOSED PROJECT):  FLOOD RETENTION EXPANDABLE (FRE) FACILITY AND AIRPORT LEVEE IMPROVEMENTS  
RESOURCE 
AREA 

CONSTRUCTION OPERATIONS 

Geology 
(Soils)  

FRE Facility 
• Low impact from soil removal, 

reduction in soil productivity at 
restored sites, and increased 
erosion during construction of the 
FRE facility and related structures 
with implementation of 
stormwater and erosion control 
measures 

• Medium increase in soil erosion 
potential during larger storms 

Upstream of the FRE Facility (RM 108 to RM 114) 
• Low increase in erosion from FRE facility and related structures 
• Low increase in soil disturbance and erosion in the temporary reservoir as the result 

of tree removal activities 
• High increased risk of landslides during an impoundment event in the temporary 

reservoir  
• Low- to high increase in erosion potential during drawdown of the temporary 

reservoir 
Downstream of the FRE Facility  

• Changes in downstream sediment influx due to sediment trapping in the temporary 
reservoir 

Airport Levee Improvements 
• Low increase in soil erosion 

potential with implementation of 
stormwater and erosion control 
measures 

Airport Levee Improvements 
• Negligible changes in the potential for soil erosion  

Geologically 
Unstable 
Slopes and 
Seismic 
Hazards  

FRE Facility 
• Low increase in bedrock slope 

failure potential during excavation 
• Low to medium increase in risk of 

seismic event exposure  
• Low increase in risk of volcanic 

hazard exposure  
• No impact from increased risk of 

seiche or large waves 

Upstream of the FRE Facility (RM 108 to RM 114) 
• Low increased risk on FRE structure and associated buildings designed to withstand 

the controlling maximum credible earthquake with temporary reservoir full (in the 
event of a more substantial earthquake, if the FRE facility were to fail, the potential 
impacts would be significant) 

• Low to medium increase in landslide potential from root decay in tree removal area 
within the temporary reservoir area 

• Medium to high increased slope instability during drawdown within temporary 
reservoir inundation zone 

• Low increase in risk of volcanic hazard exposure 
• Low increase in risk of seiche and rock fall waves  
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ALTERNATIVE 1 (PROPOSED PROJECT):  FLOOD RETENTION EXPANDABLE (FRE) FACILITY AND AIRPORT LEVEE IMPROVEMENTS  
RESOURCE 
AREA 

CONSTRUCTION OPERATIONS 

Downstream of the FRE Facility 
• Medium increase in riverbank slope stability as the result of a reduction in peak flows 

over time 
Airport Levee Improvements 

• Low increase in landslide hazards 
from similar levee slope angles 

• Low to medium increase in risk of 
seismic event exposure 

• Low increase in risk of volcanic 
hazard exposure  

• No impact from increased risk of 
seiche or large waves 

Airport Levee Improvements 
• Low increase in landslide hazards from similar levee slope angles 
• Low increase in risk of liquefaction of underlying river sediment  
• Low increase in risk of volcanic hazard exposure 
• No impact from increased risk of seiche or large waves 
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1 INTRODUCTION 

The Chehalis River Basin Flood Control Zone District (Applicant) is proposing to construct the Chehalis 
River Basin Flood Damage Reduction Project (proposed project) in Lewis County, Washington 
(Figure 1-1).  Project construction would require a Department of the Army (DA) Permit (proposed 
action) under Section 404 of the Clean Water Act (CWA).  On January 31, 2018, the Seattle District of the 
U.S. Army Corps of Engineers (Corps) determined that the proposed action had the potential to result in 
significant impacts on the environment, requiring the preparation of an environmental impact 
statement (EIS) to meet the requirements of the National Environmental Policy Act (NEPA).   

The purpose of this discipline report is to describe the affected environment and potential impacts of 
the NEPA EIS alternatives on geology (soils) and geologically unstable areas (e.g., unstable slopes and 
seismic hazards).  This includes geological conditions and their potential impacts on the stability of the 
project features.  Information from this report will be used to support the NEPA EIS.   

 



Introduction 

Chehalis River Basin Flood Damage Reduction Project 2 NEPA Discipline Report for Geology and Geologic Hazards 

Figure 1-1  
Project Vicinity Map 
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2 PROPOSED ACTION AND ALTERNATIVES 

Three alternatives are evaluated in this report:  two action alternatives and a No Action Alternative.  
Additional details about these alternatives are documented in a memorandum on NEPA EIS alternatives 
(Anchor QEA 2019).  The alternatives include the following:   

• No Action Alternative.  This represents the conditions anticipated without the proposed project 
over the course of the analysis period from 2025 through 2080.   

• Alternative 1 (Proposed Project):  Flood Retention Expandable (FRE) Facility and Airport Levee 
Improvements.  Alternative 1 is the Applicant’s proposed project and includes the FRE facility 
and Airport Levee Improvements.   

• Alternative 2:  Flood Retention Only (FRO) Facility and Airport Levee Improvements.  
Alternative 2 would be the same as Alternative 1 except that the flood retention facility would 
be built on a smaller foundation.  The Alternative 2 facility, called an FRO facility, would not be 
designed to allow for potential future expansion of flood storage capacity.   
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3 REGULATORY CONTEXT AND 
DEFINITIONS 

3.1 Regulations  
Table 3.1-1 presents the regulations, statutes, and guidelines applicable to the resources addressed in 
this report.   

Table 3.1-1  
Regulations, Statutes, and Guidelines 

REGULATION, STATUTE, OR GUIDELINE DESCRIPTION 
FEDERAL  
Clean Water Act (33 USC 1251 et seq.) The CWA establishes the basic structure for EPA to regulate 

discharges of pollutants into the waters of the United States and 
regulates water quality standards for surface waters.  Section 402 
(33 USC 1342) establishes the NPDES program, under which certain 
discharges of pollutants into waters of the United States are 
regulated.  Mandates that certain types of construction activities 
(and operations) comply with the EPA NPDES program.  Regulation 
of construction primarily deals with water quality during 
construction, but includes eroded soils potentially delivered offsite 
via runoff.  EPA has designated Ecology the nonfederal authority for 
the NPDES program in the state of Washington.  Also includes a Sand 
and Gravel Permit, which covers the discharge of pollutants from 
sand and gravel mining operations and related facilities into waters 
of the state.  The permit regulates discharges of process water, 
stormwater, and mine dewatering water associated with sand and 
gravel operations, rock quarries, and similar mining operations, 
including stockpiles of mined materials.  It also covers concrete 
batch operations and hot mix asphalt operations.  Includes 
development of a stormwater pollution prevention plan.  
Section 404 regulates the discharge of dredged or fill material into 
waters of the United States, including jurisdictional wetlands.   
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REGULATION, STATUTE, OR GUIDELINE DESCRIPTION 
National Dam Safety Program 
(33 USC 467f)  

Ensures that new and existing dams are safe through the 
development of technologically and economically feasible programs 
and procedures for national dam safety hazard reduction.  
Encourages acceptable engineering policies and procedures to be 
used for dam site investigation, design, construction, operation and 
maintenance, and emergency preparedness.  Encourages the 
establishment and implementation of effective dam safety programs 
in each state based on state standards.  Develops and implements a 
comprehensive dam safety hazard education and public awareness 
initiative to assist the public in preparing for, mitigating, responding 
to, and recovering from dam incidents.  Develops technical 
assistance materials for federal and non-federal dam safety 
programs.  Develops mechanisms with which to provide federal 
technical assistance for dam safety to the non-federal sector.  
Develops technical assistance materials, seminars, and guidelines to 
improve security for dams in the United States.   

Federal Guidelines for Dam Safety Risk 
Management (FEMA P-1025) 

Provides guidelines for implementing risk-informed decision making 
in a dam safety program.  The intended audience is federal agencies 
that own or regulate dams.  The guidelines could also be applied to 
non-federally owned or regulated dams that can impact federally 
owned or regulated facilities; however, this would require the 
cooperation and involvement of the non-federal dam owner.   

STATE  
Washington State Water Code 
(RCW 90.03) 

Establishes water policy for the state of Washington, which is 
administered by Ecology.  This includes oversight for projects which 
require a water right, a legal authorization to use a predefined 
quantity of public water for a designated purpose that qualifies as a 
beneficial use, construction and safety of dams, and permitting of 
reservoirs that will impound 10 acre-feet or more of water. 

Surface Mining Act (RCW 78.44; 
WAC 332-18) 

Requires a permit for each mine that:  1) results in more than 3 acres 
of mine-related disturbance; or 2) has a high-wall that is both higher 
than 30 feet and steeper than 45 degrees.  This would include local 
government approval of surface mining, issuance of a Washington 
Department of Natural Resources (DNR) Surface Mining Reclamation 
Permit, and issuance of an Exploration Reclamation Permit.   

Washington State Growth Management 
Act (RCW 36.70A) 

Defines a variety of critical areas, which are designated and 
regulated at the local level under city and county critical areas 
ordinances.  These critical areas may include shorelines or portions 
of fish habitat.   

Shoreline Management Act (RCW 90.58) Regulates and manages the use, environmental protection, and 
public access of the state’s shorelines.  The Shoreline Management 
Act was passed by the Washington State Legislature in 1971 and 
adopted in 1972.  Ecology is the agency responsible for enforcing the 
Shoreline Management Act.   
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REGULATION, STATUTE, OR GUIDELINE DESCRIPTION 
Dam Safety Regulations (WAC 173-175) These regulations provide for the comprehensive regulation and 

supervision of dams in order to reasonably secure safety to life and 
property pursuant to RCW 43.21A, 43.27A, 86.16, 90.03, 90.28, and 
90.54.  The purposes of these regulations are as follows:   
1) Designate the types of dams to which these regulations are 
applicable; 
2) Provide for the design, construction, operation, maintenance, and 
supervision of dams in a manner consistent with accepted 
engineering practice; 
3) Establish and administer a program for permitting of construction 
work for new dams and for modifications of existing dams; 
4) Establish a fee schedule based on dam size that will reflect the 
actual cost to the department of engineering review of plans and 
specifications and for construction inspections; 
5) Establish the requirements and owner responsibilities for 
developing and executing plans for operation and maintenance, 
owner inspection and emergency actions; and 
6) Establish a program for the periodic inspection by the department 
of existing dams, and a fee schedule for these inspections based on 
downstream hazard classification and frequency of inspections.   

Water Resources Program Policy (Dam 
Safety Office) POL 5102 

Applies to dams which are constructed with a potential active 
capacity to store 10 acre-feet or more of water as measured at the 
dam crest elevation.  Active storage refers to water stored above 
natural ground level which could be released by a failure of the 
impounding barrier.  The 10 acre-feet threshold applies to dams 
which can, or will, actively impound water on either a permanent or 
temporary basis.   

Water Resources Program Policy (Dam 
Safety Office) POL 5201 

Requires a construction permit to be issued for construction of a 
new dam or modification of an existing dam after the following 
actions are satisfactorily completed:   
• Engineering design reports and associated information, as 

required by WAC 173-175-130, have been submitted and 
reviewed. 

• The construction plans and specifications have been 
developed in accordance with WAC 173-175-140 and have 
been found to conform to accepted engineering practice and 
guidance/requirements contained in the Dam Safety 
Guidelines. 

• The construction permit fee has been paid. 
• The construction inspection plan has been developed in 

accordance with WAC 173-175-170 and has been accepted. 
• The project proponent has complied with the State 

Environmental Policy Act. 
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REGULATION, STATUTE, OR GUIDELINE DESCRIPTION 
Water Resources Program Policy (Dam 
Safety Office) POL 5701 

Requires a manual entitled Dam Safety Emergency Procedures to be 
maintained identifying appropriate procedures, agency protocols, 
and so on, to be followed in response to emergency situations on 
dams where there is a potential for loss of life.   

LOCAL  
Lewis County Shoreline Permit and 
Shoreline Master Program 

The Lewis County Shoreline Permit is issued in compliance with the 
Lewis County Shoreline Master Program, and covers all work that 
occurs landward within 200 feet of the ordinary high water mark of 
waters of the state and the wetlands associated with these stream 
segments.   

Lewis County Critical Areas Ordinance 
(LCC 17.35A.685[3]) 

Provides standards for instream structures, including dams other 
than those regulated exclusively by the Federal Energy Regulatory 
Commission.  Such structures shall be permitted only when multiple 
public benefits are provided and ecological impacts are fully 
mitigated, and instream structures on shorelines of the state shall 
be regulated in accordance with the Lewis County shoreline master 
program.   

Lewis County Fill and Grade Permit  Regulates fill and grading for construction projects.   
Lewis County Building Code (LCC 15.05) Regulates building construction standards.  Lewis County adopts the 

2015 International Building Code. 
Lewis County Stormwater Management 
(LCC 15.45) 

Provides requirements for including adequate stormwater quantity 
and quality controls for construction and development activities, 
and outlines associated County review/permitting procedures.  
Ecology’s Stormwater Management Manual is referenced in this 
chapter for use as a guide in selecting appropriate stormwater best 
management practices. 

City of Chehalis Land-Disturbing Activity 
Regulations (CMC 15.28) 

Sets forth rules and regulations to control all land-disturbing 
activities, including filling and grading, within the city of Chehalis. 

City of Chehalis Stormwater and 
Stormwater Runoff (CMC 15.30) 

Provides requirements for including adequate stormwater quantity 
and quality controls for construction and development activities, 
and outlines the associated City review/ permitting procedures. 

City of Chehalis Critical Areas Ordinance 
(Ordinance 849-B, Section 4, Title 17.23) 

Provides development standards and requirements for projects that 
occur in critical areas including geologically hazardous areas.  
Assigns upland buffers to wetlands based on categories determined 
by the Washington State Wetland Rating System for Western 
Washington.  Describes allowed uses and includes development 
impact thresholds and mitigation requirements for wetlands and 
their associated buffers. 

 

3.2 Definitions 
For the purposes of analyzing the potential impacts of the alternatives over time, this report considers 
the effects in the context of three floods:  a major flood, a catastrophic flood, and a back-to-back flood 
where a major flood is followed by a catastrophic flood in the following year.  Table 3.2-1 defines 
Chehalis River flows associated with the floods considered in this report.  Although a “major” flood is 
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defined as the 7-year recurrence interval, modeling of major floods is based on a 10-year flood 
occurrence interval because the difference between 7-year flows and 10-year flows is low.  For the 
purposes of this report, a major flood is represented by the 10-year flood.   

Table 3.2-1  
Definition of Chehalis River Floods 

FLOOD FLOOD OCCURRENCE INTERVAL PEAK FLOW MEASUREMENT 
Major 7-year 38,800 cubic feet per second at Grand Mound 
Catastrophic 100-year 75,100 cubic feet per second at Grand Mound 

Note: 
Source:  Anchor QEA 2017 
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4 INFORMATION SOURCES 

The following information sources were used to evaluate the characteristics of the area’s geology (soils) 
and geologically unstable areas (e.g., unstable slopes and seismic hazards): 

• Washington Geologic Information Portal data on geologic mapping and geologic hazards of the 
project area (WGIP 2019)  

• Lewis County zoning maps 

• City of Chehalis zoning maps 

• U.S. Geological Survey reports on Washington state volcanic hazards 

• Geotechnical engineering reports and geotechnical engineering data reports prepared for the 
project site and project facilities 
‒ Reconnaissance-Level Geotechnical Report, Proposed Chehalis River and South Fork Dam 

Site, Lewis County, Washington (Shannon & Wilson 2009a) 
‒ Reconnaissance-Level Geotechnical Report, Proposed Chehalis River and South Fork Dam 

Site, Lewis County, Washington (Shannon & Wilson 2009b) 
‒ Preliminary Desktop Landslide Evaluation (Chehalis Basin Strategy 2014a) 
‒ Quarry Rock Desktop Study (Chehalis Basin Strategy 2014b) 
‒ Technical Memorandum:  Phase 1 site characterization (Chehalis Basin Strategy 2015a) 
‒ Landslide Reconnaissance Evaluation of the Chehalis Dam Reservoir (Chehalis Basin Strategy 

2015b) 
‒ Technical Memorandum:  Phase 2 site characterization (Chehalis Basin Strategy 2016) 
‒ Technical Memorandum:  Phase 2 site characterization (Chehalis Basin Strategy 2017a) 
‒ Combined Dam and Fish Passage Conceptual Design Report (Chehalis Basin Strategy 2017b)  
‒ Technical Memorandum:  Phase 2 Chehalis Dam Site Characterization Landslide Stability 

Improvement Evaluation, Pe Ell, Washington (Shannon & Wilson 2017) 
‒ Draft Phase 3 Chehalis Dam Geotechnical Data Report (Chehalis Basin Strategy 2018a) 
‒ Draft Rock Quarry Characterization:  Potential RCC Aggregate Sources for Dam Site 

(Chehalis Basin Strategy 2018b)  
‒ Phase 3 Chehalis Dam Geotechnical Data Report (Chehalis Basin Strategy 2019a) 
‒ Rock Quarry Characterization:  Potential RCC Aggregate Sources for the Chehalis Dam 

(Chehalis Basin Strategy 2019b) 
‒ Phase 3 Landslide Evaluation (Chehalis Basin Strategy 2019c) 
‒ Memorandum:  Summary of geotechnical work completed for proposed dam on Chehalis 

River 2018 – EIS geotechnical update (Laprade 2019) 
‒ Proposed Flood Retention Dam Construction Schedule Supplemental Information (Chehalis 

River Basin Flood Control Zone District 2019) 
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• Scientific journal articles addressing regional and local conditions 

• Chehalis Basin Strategy Final Programmatic Environmental Impact Statement (Ecology 2017) 
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5 AFFECTED ENVIRONMENT 

5.1 Study Area 
The study area for geology and geologic hazards includes the Chehalis River and the 100-year floodplain 
from river mile (RM) 114 to approximately RM 33, near Porter) and additional areas affected by 
construction and operation (Figure 5.1-1).  Porter is approximately 42 miles downstream from the City 
of Chehalis (RM 75).  This includes the proposed flood retention facility and associated facilities, the 
maximum extent of the temporary reservoir, and the Airport Levee Improvements.  At the temporary 
reservoir, access roads, and quarries, the study area extends upslope to the drainage divide thereby 
considering potentially unstable areas.  These areas serve as a buffer area for analysis of potential 
impacts.  At the Chehalis-Centralia Airport, the study area includes the limits of the proposed 
improvements.  At this location, the study area includes a buffer zone that extends 250 feet, considering 
potential adjacent impacts.   

Although the proposed action would result in changes in flooding downstream of RM 33, the effect 
diminishes at this point and would have a negligible effect on geology and geologic hazards.  This is 
because of the influence of tributaries, tides, and a channel constriction in the floodplain at that 
location.   

5.2 Background 
The study area lies at the north end of the Willapa Hills and along the Chehalis River, which drains 
108 miles from the proposed flood retention facility to Hoquiam, Grays Harbor and the Pacific Ocean.  
The Olympic Mountains are to the north and the Cascade Range foothills to the east.  The Chehalis River 
begins in the bedrock uplands of the Willapa Hills and then flows out into a low-gradient floodplain 
landscape confined between bedrock uplands (Coe 2014).  The lowland is composed of river deposited 
sediments (alluvium).  The low-gradient landscape extends to the ocean.  Several other rivers from these 
areas drain to the Chehalis River.     

The Willapa Hills did not experience glaciation during the last ice age.  However, the Puget Sound lobe of 
the Cordilleran Ice Sheet extended as far south as Ground Mound influencing the Chehalis River to the 
south and west (Gendaszek 2011; Coe 2017).  Glaciers also occupied the upper reaches of the Cascades, 
draining to the Chehalis River around Chehalis and Centralia.  Water and sediment that drained from 
these sources in the past affected conditions in the Chehalis River valley.  



Affected Environment 

Chehalis River Basin Flood Damage Reduction Project 12 NEPA Discipline Report for Geology and Geologic Hazards 

Figure 5.1-1  
Geology and Geologic Hazards Study Area 
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Like all of western Washington, the study area is seismically active.  Large earthquakes have been 
experienced in the region.  Two locations within the earth are the primary areas of earthquake origin.  
They are the coastal Cascadia Subduction Zone (CSZ) and numerous inland comparatively shallow 
(crustal) faults.  The CSZ extends from northern California, along Oregon and Washington, and ends in 
southwestern British Columbia.  The CSZ can generate large earthquakes of magnitude 9.0 or greater 
(WGIP 2019).  The last CSZ earthquake occurred January 26, 1700.  That date is known because of the 
record of the tsunami it generated, impacting coastal Japan.  Crustal earthquakes are caused by 
movement along active inland faults.  There are numerous active crustal faults in western Washington.  
Crustal earthquakes can reach magnitude 7.0 or greater (WGIP 2019).  An example of a recent crustal 
earthquake is the April 13, 1949, magnitude 7.0 event near Olympia. 

Earthquakes generate seismic ground shaking.  Strong ground shaking can damage buildings and other 
infrastructure.  Ground shaking can also activate existing landslides and cause rocks to fall from steep 
slopes, seiches, and liquefaction of sandy deposits.  Seiches are earthquake-generated waves within a 
lake or partially enclosed bay.  Liquefaction occurs when a waterlogged or partially waterlogged soil or 
sedimentary deposit loses its strength and acts like a fluid.  The shaking causes loss of strength by 
increasing the water pressure between the sand grains, which reduces friction.  All the river deposits 
(alluvium) along the low gradient portions of the Chehalis River have moderate to high liquefaction 
potential (WGIP 2019). 

The amount of expected ground shaking from earthquakes is used to determine international, national 
and state building standards (Petersen et al. 2014).  These standards are meant to minimize the 
potential for major structural damage and associated loss of life.  The amount of potential ground 
shaking is determined by considering factors such as distance from active faults along with bedrock and 
river sediment conditions.  The design of the flood retention facility also includes an evaluation of 
expected ground shaking based on similar information.  The evaluation uses detailed site-specific 
geologic conditions and considers the maximum potential earthquake that can occur at a site. 

5.3 Geology 
5.3.1 Flood Retention Facility Project Area 
Within the study area, the Willapa Hills are composed of two main rock formations:  the volcanic 
Crescent Formation and the overlying and younger sedimentary McIntosh Formation.  The Crescent 
Formation is composed primarily of lava (basalt) that erupted onto the sea floor in Eocene time (about 
35 to 55 million years ago).  Joints, which can be zones of weakness, developed in these volcanic rocks 
when the lava flows cooled.  The McIntosh Formation is composed of nearshore sedimentary rocks, 
including fine-grained siltstone and claystone.  These formations are composed of beds that were 
originally relatively flat.  They have since been deformed into a broad anticlinal structure.  Anticlines are 
zones where compression causes the center to rise while the adjacent limbs dip away from the uplift.  
The Willapa Hills anticline has an approximately east-west orientation.  That orientation indicates an 
approximately south-to-north compression.  As such, the volcanic and sedimentary layers (bedding) on 
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the north side of the Willapa Hills in the general vicinity of the proposed flood retention facility and 
temporary reservoir inundation area generally dip to the north.   

Observations at the FRE facility site indicated that bedding dips ranged from horizontal to 17 degrees to 
the north.  Four joint sets were also identified here.  They were northeast-to-southwest (dipping 
southeast), north-south (dipping east), and northwest-to-southeast (one dipping approximately east and 
one dipping southwest). 

5.3.2 Upstream of FRE Facility 
Upstream of the proposed flood retention facility in the temporary reservoir area, the Chehalis River is 
incised into the Willapa Hills bedrock.  The slopes in this area are generally steep.  There are some areas 
of exposed bedrock, weathered bedrock with associated soil development, colluvium (weathered 
bedrock and soil that moves slowly downslope) and landslides.  The river is relatively steep, or high-
gradient, in this upland and has deposited coarse material (alluvium) and terraces along its path.  These 
river deposits are dominated by cobbles, gravel, and some sand.  These coarse sediments have a low 
potential for liquefaction from ground shaking during large earthquakes.  Near the proposed flood 
retention facility, the river deposits become wider and finer grained.  The proposed flood retention 
facility and temporary reservoir would be located in the mountainous terrain above Pe Ell.  The slopes 
are moderate to high.  Due to the steeper slopes, there is a high landslide potential.  Additional 
information about landslides is provided in Section 5.4.1 and in the Chehalis River Basin Flood Damage 
Reduction Project NEPA EIS Discipline Report for Geomorphology (Corps [forthcoming]).   

The soils in the watershed above the proposed facilities consist of loams to gravelly loams on slopes up 
to 60% and up to 40 inches deep or more (Shannon & Wilson 2009a, 2009b; NRCS 2019).  River wash, 
river (alluvial) terraces, and rock outcrop are also present.  The soils are well to moderately well drained.  
Runoff potential is moderate to high.  Under natural conditions, the forested slopes generally have low 
surface erosion potential because the thick vegetation cover minimizes raindrop impact and the thick 
duff reduces surface water flow velocity when it occurs.  The upper watershed is managed for timber 
supply.  Surface erosion occurs associated with road and timber harvest.  When disturbed or exposed, 
the soils have a high erosion potential.   

5.3.3 Downstream of FRE Facility and Airport Levee Improvements Project 
Area 

Below the proposed flood retention facility, the Chehalis River is alluvial—that is, it flows within its own 
deposits.  This zone is low gradient, and the floodplain and terraces along the river tend to have a high 
sand content.  This sand content makes them susceptible to liquefaction from ground shaking during 
large earthquakes. 

During the last glaciation, the Puget Sound glacier reached the middle Chehalis River near Rochester 
(Gendaszek 2011; Coe 2017).  Outwash from the glacier reached as far south as Centralia and blocked 
the river valley.  A glacial lake was created for some time.  During deglaciation, the Chehalis River 



Affected Environment 

Chehalis River Basin Flood Damage Reduction Project 15 NEPA Discipline Report for Geology and Geologic Hazards 

eroded into these glacial deposits.  The Puget Lobe also blocked some rivers to the north, such as 
Wynoochee River and Satsop River, so that they flowed south to the Chehalis River.  The large combined 
inflows created a wide river valley (Coe 2014, 2017).  All these conditions contributed to the Chehalis 
River’s low-gradient channel, floodplain, flood channels, and river terraces.  The Chehalis River does 
have some bedrock control of its channel in the vicinity of RM 70 immediately north of the Chehalis-
Centralia Airport.   

The Chehalis-Centralia Airport and levee are on the low gradient floodplain of the Chehalis River 
(Sadowski et al. 2018).  The airport and levee are on artificial fill placed on top of the Chehalis River 
floodplain alluvial sediments.  The northeast side of the airport is mapped as modified land (i.e., local 
materials redistributed to create desired topography).  The alluvial deposits here are approximately 
60 to 70 feet deep (Sadowski et al. 2018, p. 19).  The levee surface is horizontal with a crushed rock 
surface providing vehicular access.  The levee side slopes are sod covered (Corps 2019).  Because of the 
low gradient, the area has a low erosion potential.  However, the levee slopes will become erosive if the 
sod cover is disturbed. 

5.4 Geologic Hazards 
5.4.1 Steep Slopes and Landslide Hazards 
Local relief (highest point to lowest point) above the proposed flood retention facility in the temporary 
reservoir inundation zone is greater than 800 feet.  Steep slopes characterize the area around the 
proposed flood retention facility and the temporary reservoir inundation area.  In general, all these 
slopes are susceptible to landslides.  A December 1 to 3, 2007, storm caused thousands of landslides in 
western Washington (Sarikhan et al. 2008).  Reconnaissance mapping after that storm identified 1,645 
landslides of various types in the entire Chehalis River headwaters (Sarikhan et al. 2008).  Those 
landslides occurred primarily within the Crescent Formation.  That report identifies many landslides 
within the vicinity of the proposed flood retention facility and the temporary reservoir inundation area 
(Sarikhan et al. 2008, Figure 6).  The landslides were primarily identified as small, shallow debris 
avalanches and debris flows that slid above the bedrock interface.   

Detailed landslide mapping and geotechnical investigation was conducted within the proposed footprint 
of the proposed flood retention facility and temporary reservoir (Chehalis Basin Strategy 2014a, 2015b, 
2019c; Shannon & Wilson 2017).  Those investigations considered landslides that could endanger the 
proposed facility and workers during construction and that could endanger the facility after 
construction.  The investigators identified large landslides that had the potential to be activated by the 
temporary reservoir inundation and drawdown.  They also considered the potential for large landslides 
that could move rapidly causing a damaging wave in the temporary reservoir.  Additionally, they 
considered landslides that were sufficiently large to reduce temporary reservoir storage if they failed.   

Those investigations identified 27 landslides that had potential to affect the proposed flood retention 
facility and temporary reservoir inundation area (Landslide [LS]-1 through LS-27, Chehalis Basin Strategy 
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2019c, Figure 3).  The investigation began with a desktop survey using existing information, aerial 
photography interpretation, and publicly sourced LiDAR imagery (Chehalis Basin Strategy 2014a).  
Subsequently, detailed field and laboratory investigation was performed.  These investigations included 
field mapping, boring, collection of rock and soil samples, laboratory testing to determine geotechnical 
characteristics, installation and monitoring of piezometers (water level measurement) and inclinometers 
(movement and angle measurement).  Landslide stability modeling and analysis was conducted using 
the data from the investigations (Chehalis Basin Strategy 2015b, 2019c; Shannon & Wilson 2017).  The 
identified landslides were deep-seated and two had retrogressive components (LS-11 and LS-13 on 
Figure 3 of Chehalis Basin Strategy 2019c).   

Of the 27 landslides, 14 were bored (LS-1/1a, LS-2, LS-3/3a, LS-4, LS-5, LS-9, LS-10, LS-11, LS-13, LS-17, 
LS-18a/b, LS-19, and LS-26) and nine received stability analysis (LS-3/3a, LS-4, LS-5, LS-10, LS-11, LS-13, 
LS-18a/b, LS-19, and LS-26).  LS-3/3a and LS-4 received additional analyses for stability during seismic 
events because of their proximity to the proposed flood retention facility structure.   

Steep bedrock-dominated slopes with shallow soil occur in several areas immediately adjacent to the 
proposed flood retention facility temporary reservoir inundation area.  Portions of these slopes have 
potential for rock falls.  Large rock falls directly into deeper inundation areas could create large waves.  
Slopes steep enough for rock falls occur along approximately 4,500 feet of the north side of Crim Creek 
(the first tributary valley immediately to the southwest of the proposed flood retention facility), on the 
west slopes along the Chehalis River at approximately RM 109 to 110, RM 110 to 110.5, RM 111.5 to 
112, and on the east side at approximately RM 112 (Figure 5-2).  All these slopes are forested with some 
areas of exposed bedrock.   

The Chehalis-Centralia Airport levee slopes are approximately 27 degrees, which is considered a stable 
angle (Corps 2019).  A recent inspection found that the slopes were stable except for a short section 
with 5 to 6 inches of vertical displacement and slight undulations (Corps 2019).  Monitoring was 
recommended with structural mitigation required if displacement continues.   

5.4.2 Seismicity 
The Washington Geological Survey identifies numerous seismic scenarios associated with specific faults 
within the state (WGIP 2019).  These scenarios include the maximum expected (probability) earthquake 
for a specific fault and the expected ground shaking.  The effects expected to occur in zones radiating 
outward from the earthquake location are also quantified.  The faults near the study area include the 
CSZ, the Doty-Salzer fault system, and the Scammon Creek fault.  

The seismic scenarios most relevant to the study area in terms of potential effects are the CSZ scenarios.  
The Doty-Salzer fault system and the Scammon Creek fault have only recently been identified as 
potentially active and do not have seismic scenarios (Sadowski et al. 2018).  The CSZ occurs immediately 
off the Washington coast.  The CSZ would produce the strongest expected earthquake in the state of 
Washington.   



Affected Environment 

Chehalis River Basin Flood Damage Reduction Project 17 NEPA Discipline Report for Geology and Geologic Hazards 

The Doty-Salzer fault system is composed of several individual east-west trending faults that extend for 
about 40 miles.  The western extent of the Doty-Salzer fault system is about 10 miles east of the 
proposed flood retention facility site.  That fault system also extends east to Chehalis and underlies the 
Chehalis-Centralia Airport.  The Scammon Creek fault trends northwest-southeast and lies further north 
than the Doty-Salzer fault system in the vicinity of the proposed flood retention facility.  However, that 
fault’s southeastern extent runs immediately north of the Chehalis-Centralia Airport and crosses the 
levee.   

5.4.2.1 Surface Fault Rupture 
There are no known active surface faults that displace the earth’s surface in the immediate vicinity of 
the proposed flood retention facility (WGIP 2019).  There is a fault about 1,000 feet south of the 
proposed flood retention facility.  However, that fault is tens of millions of years in age (Tertiary) and is 
not active (Shannon & Wilson 2009a, 2009b).  There is one nearby surface fault system and one surface 
fault that have been potentially active in the last 12,000 years (Sadowski et al. 2018).  These are the 
Doty-Salzer fault system and the Scammon Creek fault.  However, these faults would not intersect the 
proposed flood retention facility or temporary reservoir.   

Those three faults do cross the Chehalis-Centralia Airport.  Both the Doty and Salzer strands of that fault 
system underlie the Chehalis-Centralia Airport (Sadowski et al. 2018).  The northwest-southeast trending 
Scammon Creek fault crosses the airport levee and NW Airport Road immediately north of Airport Lake 
(Sadowski et al. 2018).  All three faults are buried by Chehalis River alluvium.   

5.4.2.2 Strong Ground Motion 
Ground motion, or shaking, from an earthquake can cause damage to buildings, roads, dams and other 
infrastructure.  It can also activate landslides and cause rock fall from steep slopes.  The largest potential 
earthquake and associated ground shaking in the study area would be from a CSZ earthquake.  Because 
this is the largest expected earthquake that could potentially affect the area, it is the controlling 
earthquake for flood retention facility and building design. 

The next strongest potential earthquake and associated ground shaking would be from the potentially 
active Doty-Salzer fault system or the potentially active Scammon Creek fault (Sadowski et al. 2018).  
However, if active, the potential ground shaking from these faults at both the proposed flood retention 
facility site and the Airport Levee Improvements area would be less than from the CSZ (Chehalis Basin 
Strategy 2017b).   

Other potential earthquake sources in the region would produce less ground shaking at the proposed 
project than from the CSZ.   

In addition, the building of the proposed flood retention facility and temporary reservoir could cause 
earthquakes.  Reservoir filling adds considerable water weight to the earth’s surface that could cause 
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earthquakes in the proposed temporary reservoir vicinity (Foulger et al. 2018).  This process is called 
induced seismicity.   

5.4.2.3 Secondary Seismic Hazards 
Secondary seismic hazards are those that are activated by ground shaking.  These hazards include 
liquefaction, landslide and rock fall initiation, and seiches.   

Liquefaction occurs when a saturated or partially saturated soil or unconsolidated sedimentary deposit 
loses its strength and acts like a fluid.  The shaking causes loss of strength by increasing the water 
pressure between the sand grains thereby reducing friction.  Liquefaction does not occur in bedrock.  All 
the river deposits (alluvium) along the low gradient portions of the Chehalis River have moderate to high 
liquefaction potential (WGIP 2019).  Obermeier and Dickenson (2000) report liquefaction features all 
along the Chehalis River banks from the City of Chehalis to below Porter.  These features are related to 
the last known CSZ earthquake, which occurred in 1700.   

Landslides and rock fall can also be initiated by ground shaking.  The landslides may be pre-existing sites 
that are activated by the shaking.  New locations may also fail.   

Seiches are earthquake-generated waves within a lake or partially enclosed bay.  If sufficiently large, 
these waves can damage infrastructure along the shoreline or endanger people.   

5.4.3 Volcanic Hazards 
Volcanic hazards include lava flows, ash clouds, and volcanic mud flows.  Volcanic mud flows occur when 
loose volcanic materials become water-saturated and move down steep slopes and river valleys.  The 
saturation may occur from loose volcanic material or ash falling into a lake or from melting snow.  There 
are no volcanoes in the immediate vicinity of the study area.  No lava flows and volcanic mud flows 
would reach the proposed flood retention facility area or the Airport Levee Improvements area.  
Therefore, those impacts are not discussed further in this report.  However, Cascade volcanoes 
approximately 50 miles to the east could erupt, causing volcanic ash to be deposited in the study area.  
The region is projected to have a low probability of receiving up to 4 inches of volcanic ash (Wolfe and 
Pierson 1995). 

5.4.4 Seiche and Large Waves 
There may also be risks associated with seiche or large waves within the study area.  This risk occurs 
where there are large bodies of water.  A seiche is when an enclosed or partially enclosed waterbody 
moves back and forth, resulting in waves hitting the shoreline.  This movement is like the sloshing of 
water in a bathtub or swimming pool.  In bays and lakes, this movement can be caused by earthquakes 
(seismic activity) or changes in atmospheric pressure.  If large enough, the back-and-forth water 
movement and waves can damage buildings, roads or other infrastructure along the shoreline.   
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Large waves occur when there is rapid movement of a landslide or fall of large rock masses directly into 
a lake, reservoir, or bay.  These waves can be very large and can splash against adjacent shorelines.  The 
largest waves can reach hundreds of feet high and can be very destructive to any infrastructure it 
encounters (Miller 1960).  In reservoirs, such waves may be sufficiently high to overtop the retaining 
structure. 

5.4.5 Mine Hazard 
Mine hazards can occur when construction activities occur above existing mines.  However, there are no 
mines within the study area.  Therefore, mine hazards are not discussed further in this report.   

5.5 Climate Variability 
This section provides a discussion of the historical and current climate of the study area, including an 
analysis of how it could potentially change under future climate variability conditions.  The analysis 
focuses on the potential changes in the climate of the Chehalis Basin as a result of modeled climate 
variability in the 21st century (2000 to 2099) relative to historical conditions.  This information is 
summarized in this discipline report because of how changes in the climate may affect the potential for 
impacts on geology and soils resources as discussed in Section 6.   

5.5.1 Temperature and Temperature Extremes 
The Chehalis Basin is typically characterized as having relatively cool winters and moderately warm 
summers.  Historically, seasonal variation in average temperatures have ranged from approximately 
41°F in January and 75°F in August (USGS 2019).  Over the last century (1901 to 2000), both annual 
average maximum (i.e., daytime high) and the annual average minimum (i.e., nighttime low) 
temperatures in the Pacific Northwest have increased by approximately 1.5°F (Vose et al. 2017).  
Temperature extremes (e.g., cold snaps, heat waves) occur in the Chehalis Basin, with cold extremes 
typically occurring less frequently than warm extremes (Vose et al. 2017; Peterson et al. 2013; Bumbaco 
2013).  Over the last century (1901 to 2000), the occurrence of cold extremes has decreased over time 
while warm extremes, especially nighttime heat waves, have increased in frequency.   

Future climate variability is expected result in an increase in air temperature across the United States 
with warming expected to be slightly greater in summer months and amplified in the northern parts of 
the United States (Vose et al. 2017).  In the Pacific Northwest, potential increases in annual average air 
temperatures are projected to be between 3.7°F and 4.7°F by mid-century (2036 to 2065) and 5.0°F and 
8.5°F by late-century (2071 to 2100; Vose et al. 2017).  In the counties that contain the Chehalis Basin, 
projected average changes in temperature include an increase in the annual mean minimum (winter) air 
temperatures in the Chehalis Basin area of 2.2°F to 2.8°F by 2040 and 4.1°F to 6.8°F by 2080 
(USGS 2019).  Average potential increase in the annual mean maximum (summer) air temperature in the 
Chehalis Basin area of 2.2°F to 2.9°F by 2040 and 4.2°F to 7.0°F by 2080 (USGS 2019).  Overall, climate 
variability is expected to result in warmer winters and hotter summers.   
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Climate variability is also projected to result in more extreme heat events in the summer and fewer 
extreme cold events in the winter.  Historically rare extreme high temperatures are projected to become 
more common, with the Chehalis Basin potentially experiencing 0 to 10 additional days of temperatures 
above 90°F in the summer (Vose et al. 2017).   

Projected increases in both minimum and maximum temperatures and extreme heat events in the 
Chehalis Basin would increase evapotranspiration during the spring and summer.  Such conditions would 
reduce soil moisture and increase the likelihood of droughts and wildfires.  Hotter summer conditions 
would also lead to higher water temperatures in rivers and streams.  With warmer temperatures during 
the winter, wintertime precipitation would shift from snow to rain in the higher elevation portions of 
the basin.  This shift could increase winter streamflow and contribute to higher downstream flows and 
increased flooding potential.  Such occurrences could in turn increase slope instability, resulting in 
increased potential for debris flows, mudflows, and landslides in the steeper portions of the 
Chehalis Basin.   

5.5.2 Precipitation and Precipitation Extremes 
In the Chehalis Basin, precipitation varies considerably between seasons as evidenced by the occurrence 
of very wet winters and dry summers.  In Lewis County, monthly average precipitation ranges from 
approximately 1.1 inches in July to 10.9 inches in January (USGS 2019).  Although annual precipitation 
has not changed significantly over the last century, the amount of precipitation that falls in the winter 
and summer has slightly declined while spring precipitation amounts have slightly increased (Easterling 
et al. 2017).  Atmospheric river events have historically caused abnormally high (extreme) rainfall in the 
Chehalis Basin, but the frequency and intensity of such events has not changed much over the last 
century.   

As a result of future climate variability, annual precipitation amounts in the Pacific Northwest are 
projected to increase by 5% to 8% by the latter part of the 21st century relative to the 1979 to 1990 
baseline (May et al. 2018).  The largest precipitation increases in the Chehalis Basin are projected to 
occur during the winter months with potential increases of up to 10% above baseline amounts by the 
latter half of the century (2070 to 2099; Easterling et al. 2017).  During this same period, summer 
precipitation is projected to decrease by 10% to 20% (Easterling et al. 2017).  Climate models have less 
confidence in predicting changes in precipitation that changes in temperature, especially with the 
confounding influence of natural climate variability caused by such events as El Niño and La Niña, which 
strongly influence precipitation over seasonal and interannual time periods in the region.   

The frequency of extreme precipitation events is also projected to increase in the future.  This is due to 
both projected increases in atmospheric water vapor and convective energy resulting from higher 
temperatures, and projected increases in the frequency and intensity of atmospheric river events along 
the west coast.  Such events are also expected to become more intense.   
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The projected increases in winter precipitation and the frequency and intensity of atmospheric river 
events would both contribute to an increase risk of winter and spring flooding in the Chehalis Basin.  
Such conditions could also increase slope instability, resulting in a higher potential for debris flows, 
mudflows, and landslides.  Decreased summer precipitation coupled with higher summer temperatures 
would reduce flow in rivers and streams and likely increase instream water temperatures.   

5.5.3 Snowfall 
The Chehalis Basin is rain-dominated (i.e., rain produces more runoff than snow), in part because most 
of the basin is low lying and maintains relatively warm temperatures due to the moderating influence of 
the Pacific Ocean.  However, the Chehalis Basin does have a few areas that accumulate snowpack during 
the fall, winter, and early spring.  Those areas occur at higher elevations in headwater streams of the 
southern Olympic Mountains, Cascade foothills, and a very small portion of the Willapa Hills (Perry et al. 
2016).  Historically, snowfall in those portions of the Chehalis Basin typically begins in November, with 
peak snowfall amounts occurring between February and late March (USGS 2019).  Snowfall then tapers 
off until June.   

Projected changes in snowfall due to climate variability include decreases in annual snowpack, and 
future snow water equivalent, number of extreme snowfall events, and number of snowfall 
days(Georgakakos et al. 2014; Easterling et al. 2017) .  In the counties that contain the Chehalis Basin, 
projected decreases in snowfall range from an average of 1.9 to 2.4 inches by mid-century (2025 to 
2049) to 2.8 to 3.3 inches by late-century (2050 to 2074; USGS 2019).  It is expected that there will be a 
shift from snow to rainfall in the Chehalis Basin over time, reducing the amount of water retained in 
snow from fall and winter storms.   

As a result of these projected changes in snow fall, winter flows in headwater streams in portions of the 
Chehalis Basin that currently support snowpack accumulation would be expected to increase as 
precipitation contributes directly to runoff instead of being retained as snowpack.  When coupled with 
increased winter precipitation through the rest of the basin, this could in turn lead to an increased 
potential for winter flooding and landslides in downstream portions of the Chehalis Basin.  In addition, 
the reduction in snowpack may also lead to increased drought risk due to less water availability from 
snow melt in the spring and summer.   
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6 ENVIRONMENTAL CONSEQUENCES 

6.1 Assumptions 
The following assumptions are used in the impact analysis on geology and the impacts of geologic 
hazards: 

• Construction of proposed facilities and associated structures, including staging areas and other 
temporary excavation, would be within the identified footprint. 

• The proposed project would be designed and built according to the state of Washington 
standards for the construction of flood retention facilities and consistent with Lewis County’s 
standards for geologically hazardous areas.   

• Earthquakes identified in the geologic literature, by the Washington Geological Survey, and used 
in the flood retention facility design stability analysis, are those most likely to occur in the area. 

• The analysis of indirect impacts from operation of the proposed flood retention facility is with 
respect to three flood contexts:  a major flood, a catastrophic flood, and a back-to-back flood 
where a major flood followed by a catastrophic flood.  They are defined as follows: 
‒ Major flood: 10% chance of being flooded in a year (10-year flood); 405 acres would be 

underwater to an elevation of 568 feet for 27 days per year when flooded 
‒ Catastrophic flood: 1% chance of being flooded in a year (100-year flood); 709 acres would 

be underwater to an elevation of 604 feet for 32 days per year when flooded 

• Raising approximately 810 linear feet of Louisiana Avenue would require an estimated 
25,500 cubic yards of fill.   

• Raising 9,511 linear feet of the existing airport levee 4 to 7 feet would require an estimated 
89,900 cubic yards of fill. 

• For the Airport Levee Improvements, staging would be required for equipment (no stockpiling of 
levee materials would be required), at an existing paved or gravel location.  There may be the 
potential to use airport property just east of the existing levee. 

6.2 Methods and Approach 
The geology and soil impact analysis considers how the geologic and soil environment would affect the 
proposed project.  It also considers how the proposed project would affect the geologic and soil 
environment.  For example, the geologic environment can affect the project by shaking from 
earthquakes or by construction in unstable materials.  Similarly, the project can affect the environment 
by creating excessive soil erosion or creating unstable slope conditions.  The analysis considers the 
physical properties of the geologic and soil materials, the types of disturbance that would occur, and the 
likelihood that such disturbance would cause instability.  The analysis also considers the potential for 
these conditions to endanger workers and the public.   
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6.2.1 Impact Types 

6.2.1.1 Direct and Indirect Impacts 
Direct impacts are those that would occur as the result of and at the same time and place as the 
activities authorized by the DA permit (40 Code of Federal Regulations [CFR] 1508.8).  This includes 
activities related to the construction of the proposed flood retention facility (e.g., bedrock excavation) 
and Airport Levee Improvements.  Indirect impacts would occur later in time or farther in distance but 
that are attributable to the authorization of a proposed project by the DA permit (40 CFR 1508.8).  
Indirect impacts include effects that would occur as the result of operating the proposed project over 
time.   

6.2.1.2 Permanent and Temporary Impacts 
Permanent impacts would modify geological and topographic conditions and cause slope instability and 
failure that would last for at least the EIS analysis period (2025 to 2080).  Temporary impacts would 
result in short-term disturbance of geological conditions that could cause instability and danger to 
partially constructed facilities or workers.  More specifically, changes to geology that cause slope 
instability are considered temporary if the conditions are returned to pre-project conditions within 
1 year. 

6.2.2 Impact Analysis Methods 

6.2.2.1 Geology  
Direct impacts on geologic resources would occur during construction as the result of grading, 
excavation, and compaction.  For the proposed flood retention facility and temporary reservoir, direct 
impacts would occur to both soil and underlying bedrock.  For the Chehalis-Centralia Airport Levee 
Improvements, direct impacts would only occur to soil.  These impacts are qualitatively assessed by 
evaluating the extent and magnitude of the disturbance.   

Construction can also result in indirect effects on geologic resources as the result of increased potential 
for erosion or increased risk of landslides.  Erosion could occur from ground disturbance, stockpiling, and 
vegetation removal.  These impacts are also qualitatively assessed by evaluating the extent and 
magnitude of the disturbance.  Indirect impacts could occur during operation of the proposed flood 
retention facility as the result of changing water levels above and below the facility.  The increased risks 
related to slope stability and erosion are described and qualitatively assessed.  Additional analysis on 
riverbank erosion and landslides downstream of the facility is discussed in the Chehalis River Basin Flood 
Damage Reduction Project NEPA EIS Discipline Report for Geomorphology (Corps 2020b).  Indirect 
impacts could also occur from soil erosion during the use of the Chehalis-Centralia Airport levee.  These 
impacts are described and qualitatively assessed.   

6.2.2.2 Geologic Hazards  
Direct impacts could occur during construction from ground-disturbing activities that create steep slopes 
and other unstable soil conditions.  Direct impacts are determined by overlaying the footprint of the 
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proposed facilities, staging areas, and access roads on the various geologic maps.  Further, the detailed 
geological conditions identified by site-specific geotechnical and associated investigations at these sites 
are considered.  Geologic impacts would occur when facility design features would not address potential 
stabilities. 

Indirect impacts during construction and operation could occur as the result of exposing people or 
property to increased risk of harm from geologic hazards.  These risks are described and qualitatively 
assessed.   

6.3 No Action Alternative 
The No Action Alternative is expected to result in low increases in soil erosion and geologic hazard risks 
compared to current conditions.  

6.3.1 Geology 
Potential impacts under the No Action Alternative would be related to grading and excavation actions 
that may occur as the result of specific projects and ongoing growth and development.  All construction 
activities would create temporary bare soil conditions where excess soil erosion could occur.  This 
includes concrete livestock flood refuge pads.  These pads would likely require bulldozing soil to create 
an elevated surface that would be above the local flood height.  All these actions would occur on the 
very-low-gradient Chehalis River floodplain, which limits erosion potential.  These actions are also 
common activities where standard stormwater runoff and erosion control actions are effective.  
Additionally, these actions are individually of limited size, enhancing the effectiveness of control 
measures.  Livestock refuge pads are simple structures and would take only a short time to construct, 
thereby limiting their erosion potential.  For all these actions, while individual severe erosion events 
might occur during very large storms, overall erosion control effectiveness would limit these impacts to 
low. 

6.3.1.1 Climate Variability 
Climate variability models for the Chehalis Basin predict increased levels of winter precipitation and an 
increase in the frequency of extreme precipitation events driven by atmospheric river storms.  If these 
changes occur, the potential for severe erosion events on construction projects that disturb soil would 
also increase.  Climate variability models also predict a potential increase in the frequency of major 
floods.  Such conditions may require the implementation of additional flood-reduction projects in the 
Chehalis Basin, which could result in additional soil disturbance and increased erosion potential.   

6.3.2 Geologic Hazards  
The activities considered part of the No Action Alternative would not affect bedrock conditions within 
the upper Chehalis River watershed above Pe Ell or at the Chehalis-Centralia Airport.  All the locations 
where the No Action Alternative activities would occur are on the very low gradient Chehalis River 
floodplain.  Therefore, landslide potential would generally be limited to slopes excavated for 
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foundations.  That impact would be low.  All construction associated with these actions would be subject 
to seismic shaking and liquefaction of the underlying alluvial sediments.  New or improved dikes, levees, 
and floodwalls would potentially be subject to collapse.  Residential and commercial buildings would be 
constructed according to the building codes applicable at that time.  These standards would minimize 
the potential for severe structural damage and loss of life in these new buildings during an earthquake.  
However, liquefaction of the underlying alluvial sediments could still occur, causing substantial building 
damage locally.  Volcanic ash fall in this area is expected to be low and impacts would be low.  There are 
no reservoirs in the Chehalis River floodplain that would experience major seiches.   

6.3.2.1 Climate Variability 
The potential increase in winter precipitation amounts and extreme precipitation events projected 
under the climate variability analysis for the Chehalis Basin could increase the potential occurrence of 
debris flows, mudflows, and landslides in areas prone to such occurrences.  Although climate variability 
would not affect the potential occurrence of seismicity, volcanic hazards, or seiches and large waves, 
heavier winter rainfall and increased flooding potential could complicate the subsequent response or 
clean-up efforts if those hazards should occur in the winter.   

6.4 Alternative 1 (Proposed Project):  Flood Retention 
Expandable (FRE) Facility and Airport Levee 
Improvements 

This section describes the potential for impacts to occur under Alternative 1 relative to the No Action 
Alternative.  Direct impacts are those associated with construction over the entire construction period.  
Some indirect construction-associated water quality impacts would occur downstream.  Impacts 
associated with FRE facility operations are considered indirect.  Construction siting and investigations 
related to site stability are addressed in Section 6.4.2.2. 

6.4.1 Geology 

6.4.1.1 Construction 
Direct impacts on geology from the construction of Alternative 1 would include a low increase in 
permanent soil loss, a low to medium increase in soil erosion, and low impacts associated with bedrock 
excavation for the FRE facility.  Implementation of site-specific stormwater and erosion control 
measures, scaled to the size of disturbed area, would help to minimize soil erosion impacts.   

6.4.1.1.1 FRE Facility and Temporary Reservoir 

Soil Loss and Erosion.  Productive soil at the permanent project components would be lost because the 
sites would be covered by constructed infrastructure.  That impact applies to the FRE facility site and the 
CHTR.  The staging areas, spoil areas, concrete production facility, and quarries would not be needed 
after construction and would be restored with some form of soil and vegetation cover.  Their productive 
capacity would be altered but not lost.  This impact would be low.   
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Where they occur, trees would be cut and removed at all the project components prior to their 
excavation or grading.  After the trees are removed, the remaining vegetation and soil would be 
removed using construction equipment.  Bedrock excavation at the FRE facility and quarries would 
proceed during or immediately after soil removal.  At the concrete production facilities, staging areas, 
and spoil areas, bulldozers would redistribute the soil and grade the site to a more-or-less horizontal 
surface.   

During vegetation and soil removal, there would be exposed soil which would have a high erosion 
potential during rain periods.  There would also be rapid stormwater runoff because there would be no 
vegetation or soil to slow water movement.  Bare bedrock would be exposed almost immediately and 
would have an even more rapid runoff than the disturbed soil.  Additionally, without soil there would be 
no temporary storage of water in the soil profile.  Consequently, the volume of runoff would be higher 
than under undisturbed conditions.  During soil removal, existing soil water would drain from the cut 
faces in the soil and colluvial cover, causing local soil erosion.  If not controlled, the stormwater runoff 
and erosion would deliver large amounts of sediment to streams, including the Chehalis River, causing a 
high impact on water quality and aquatic life.  Stormwater and erosion control actions consistent with 
the Stormwater Management Manual for Western Washington (Ecology 2019) would limit these 
impacts.  Because of the scale of the construction and its 5-year construction period, Alternative 1 
would require ongoing monitoring and maintenance during construction activities and during 
rainstorms.   

Erosion control measures would include isolating excavation and construction areas with perimeter 
features such as berms and silt fences.  These features would contain stormwater and sediment on site.  
Within the construction site, runoff water and sediment would be directed to settling ponds or to Baker 
tanks.  Baker tanks are portable, shipping-container-sized tanks that store water and allow sediment to 
settle or allow it to be treated and then released.  Settling ponds would be sized and located to contain 
the amount of water and sediment anticipated as clearing and excavation progresses.  After the 
contained sediment settles to the bottom of these ponds or Baker tanks, the clear water would be 
released off site.  Grading the concrete production facility, staging areas, and spoil areas would be 
completed first and would have permanent runoff and sediment controls in place for the duration of 
their use.  After excavation, the main FRE facility would have runoff and sediment control features 
designed to contain runoff from the progressively constructed facility.  Erosion control measures from 
construction sites are generally effective.  However, considering the area and duration of disturbance, as 
well as the potential for very large rainstorms during that period, the impact is considered medium.   

Roads would be upgraded soon after construction starts to provide access to the various project 
components including the quarries.  Upgrading would include grading surfaces, placing gravel on the 
surface where needed, and placing or upgrading culverts.  Soil or bedrock on the upslope side of the 
road would be removed in some locations.  Erosion control measures would be implemented during 
these actions.  The improved roads would also have permanent appropriate drainage and erosion 
control features.  The impact of these road improvements on geology and soils would be low.  
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Additionally, various temporary roads would be placed within the FRE facility work zone to provide 
equipment access during construction.  These temporary roads would receive the same erosion control 
measures as the permanent roads.  These roads would be restored to preexisting conditions after 
construction.  The impact of these temporary roads on soil loss and erosion would be also be low.   

Four landslides in the vicinity of the FRE facility and the inundation zone upstream have been identified 
as potentially hazardous.  The moving colluvium and soil would be removed during construction.  
Additional stabilizing features such as toe buttresses (retaining walls) and drainage would be placed as 
needed.  During their excavation and stabilization, runoff and erosion control would include perimeter 
isolation by silt fences and directing runoff onto the adjacent forest floor.  The impact of these activities 
on soil loss and erosion would be low.   

After FRE facility construction, all trees greater than 6 inches diameter breast height below 584 feet 
elevation (the height of the 20-year flood) would be removed within the temporary reservoir inundation 
zone.  Vegetation management would include a replanting program integrated with the tree harvesting.  
That action would include planting of flood-tolerant native shrubs and trees in areas susceptible to 
increased risk of landslides and erosion.  Approximately 485 acres of forest would be removed.  These 
vegetation management actions would meet the Washington Department of Natural Resources (DNR) 
regulations.  Tree removal would cause some disturbance of the remaining vegetation, duff, and soil, 
assuming the trees were yarded with one end dragging along the ground.  If trees were removed with 
full suspension, there would be minimal ground disturbance.  Tree removal would cause some 
additional surface runoff and associated soil erosion.  Some of this sediment would be delivered to the 
Chehalis River.  The sediment would be delivered from the entire inundation zone below 584 feet 
elevation.  The impact of tree removal on soil loss and erosion would be medium.   

The new power lines would connect to existing local transmission lines and would be located along 
existing road alignments and areas cleared for FRE facility construction.  Although the exact locations 
are not known, transmission towers would require tree and vegetation removal (if present) and 
concrete pad installation.  The cleared areas would be on the order of 50 feet by 50 feet including areas 
for equipment access.  If the power line were constructed underground, trenching and ground 
disturbance would also be required.  Construction disturbance would be greater than the area needed 
for aboveground lines.  During construction, perimeter silt fences and similar erosion control measures 
would be straightforward to put in place for both methods.  If necessary, revegetation of cleared areas 
would be expected after tower and wire installation.  Revegetation of linear powerline trenches would 
also be required but would likely be limited to herbaceous vegetation.  Overall, the impacts of new 
power line construction for the FRE facility on soil loss and erosion would be low.   

Bedrock Excavation.  The primary direct construction impact with respect to bedrock is excavation.  
Major bedrock excavation, including removal of overlying colluvium and soil and weathered bedrock, 
would occur within the diversion tunnel, at the main FRE facility, and at the quarries.  Overlying soil 
excavation to support the FRE facility foundation would be approximately 710,000 cubic yards of 
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overburden and 210,000 cubic yards of bedrock.  Assuming a bypass tunnel 1,635 feet long and 20 feet 
in diameter, a maximum of about 57,000 cubic yards of bedrock would be excavated.   

The major bedrock removal would proceed by blasting, which is controlled rock excavation using 
explosives (Chehalis River Basin Flood Control Zone District 2019).  The blasted rock would then be 
removed by excavators, bulldozers or other equipment.  Blasting is expected to occur over 12 months 
for the FRE facility, 9 months for the diversion tunnel, and up to 3 years for the quarries.  Blasting for the 
FRE facility foundation would occur as often as 1 to 4 times per week.  Blasting for tunnel excavation 
would occur once or at most two times per day.  Blasting for the quarries would occur 1 to 4 times per 
week.  Safety procedures would be implemented to minimize human presence in the blasting area and 
the flyrock zone.  The flyrock zone is the area in which rocks from the blast could fall.  Blast curtains and 
other containment practices would be put in place to control blasting debris.  Also, peak particle 
velocities (i.e., the distance travelled by rock debris) would be monitored and reduced, as needed.  
These procedures would minimize danger to people.  Overall, the impacts from bedrock blasting would 
be low.   

Minor bedrock excavation would occur locally during access road upgrading and potentially for power 
line tower pad installation.  Access to the North Quarry would require widening 1.9 miles of existing 
road.  Access to the South Quarry would require the same as the North Quarry with additional upgrades 
and widening.  Access to the Huckleberry Ridge quarry would require additional upgrades and widening.  
That access would include 3.01 miles of simple improvements, 2.93 miles of moderate improvements 
and excavation, and 0.81 mile of complex improvements, including heavy excavation, drilling, and 
blasting.   

Excavation at the FRE facility would also include removal of the overlying landslide materials from 
landslide areas LS-5, LS-10, LS-11, and LS-13, and river alluvium to expose bedrock for excavation at the 
FRE facility construction site.  Some minor bedrock excavation would likely be required in the proposed 
location for the CHTR to create an appropriately graded foundation surface.  The area for the concrete 
production facility, the staging areas, and spoil areas are relatively level.  These areas do not require 
perfectly flat surfaces to be functional.  Therefore, they would require grading of the surface materials, 
however, bedrock excavation would be minimal.  Landslide excavation within the temporary reservoir 
inundation area would be in the landslide materials overlying bedrock.   

The bedrock excavation described above, not including the diversion tunnel, would alter the underlying 
bedrock configuration by removing substantial bedrock volume.  Generally, the FRE facility components 
would then be built over these excavated areas thereby removing them from future use.  Additionally, 
holes would be drilled beneath the main FRE facility site and grout would be injected to seal the joints 
and control groundwater uplift pressure beneath the structure.   

Excavation at the quarries would remove substantial bedrock volume for processing into aggregate.  
That aggregate would be used in the concrete placed for facility construction and for upgrading access 
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roads.  Approximately 937,000 cubic yards of aggregate would be required to construct the FRE facility.  
The total bedrock removal volume would be larger because there would be some unknown volume of 
rock that would not have characteristics suitable for aggregate use.  There would also be some amount 
of waste rock created during processing that would not be of appropriate size.  During site restoration it 
is unlikely that bedrock walls in the quarry would be re-sculpted.  However, the quarries are in 
mountainous terrain, and their bedrock walls would not be out of character with the surrounding 
landscape.   

Bedrock excavation for roads and power line tower pads would be minor, particularly in comparison to 
the diversion tunnel, main FRE facility, and quarries.  As noted above, access to the Huckleberry Ridge 
quarry would require the most bedrock excavation.  The power line may be placed underground.  If so, 
excavation would be in both alluvium and bedrock depending on location.  

There are no unique geological features at areas where bedrock excavation would occur.  Therefore, 
while the area and volume disturbed and removed would be large, the direct impacts of the proposed 
construction work on bedrock would be low.   

6.4.1.1.2 Chehalis-Centralia Airport Levee Improvements 

There is no bedrock at the Chehalis-Centralia Airport.  The levee improvement areas are underlain by 
artificial fill.  Consequently, there would be no impact to bedrock.   

Levee improvements may be composed of compacted artificial fill.  Clearing and grubbing and removal 
of structures and obstructions would expose soil to potential erosion during rainfall.  Therefore, erosion 
control isolation features would be installed around the perimeter of the disturbance area prior to those 
actions.  These isolation features could be silt fences or jute rolls or similar items.  These features would 
contain any eroded soil on site.  There are some locations with drainage ditches immediately adjacent to 
the levee slope.  These locations would need attention when placing silt fences as any soil erosion could 
be immediately delivered to surface waters.  The topography adjacent to the levee is generally very flat 
(low gradient) which gives it a generally low erosion potential.  The levee side slopes are the steepest 
location along the levee and has the greatest erosion potential and some potential for slope instability.  
The levee surface is low gradient and gravel covered, but driving on the surface can cause rutting, which 
can increase its erosion potential. 

The fill material would be delivered and placed where needed.  The material would then be spread and 
compacted as needed on both the levee top and sides.  Material placement and compaction would take 
6 to 8 months, during which time the exposed levee material would be subject to soil erosion.  
Additionally, the continuous heavy vehicle traffic on its surface would initiate rutting and disturbance.  It 
is expected that erosion control measures would be put in place throughout this period.  Measures 
could include placing gravel on the driving surface and track walking and hydro-seeding the levee slopes.  
Track walking is up and down slope movement of bulldozers or other tracked vehicles leaving horizontal 
indentations in the slope.  These indentations slow downslope water movement, thereby reducing 
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surface erosion until sod is placed.  After track walking, grass hydro-seeding of the slopes would occur.  
Hydro-seeding or hydro-mulching is the spraying of a water, tackifier, and seed mixture to provide slope 
cover.  After all the levee material is in place, it is expected that the levee slopes would be seeded and 
gravel would be added to the levee top, which would provide driving access.  At that time, erosion 
control containment measures would be removed. 

The levee improvements may consist of a floodwall.  Placement of a floodwall would require excavation 
to some depth to provide a stable foundation to the overlying wall.  It would also require an equipment 
access path alongside the levee and floodwall location.  In this case, erosion control measures would be 
placed to the outside of any wall location and its equipment access path along it to isolate stormwater 
runoff and sediment from the disturbed locations.  Erosion potential would be low because of the low 
gradient surface.  After the wall is completed, the disturbed area would be revegetated and appropriate 
erosion control measures would be placed.   

Inspections during the construction period would identify local areas of intense erosion requiring 
immediate remedial erosion control measures.  Inspections would be continuous during construction 
and would be specifically done during rainfall events.   

With use of standard erosion control measures during levee or floodwall construction, the impact of the 
Airport Levee Improvements work on soil erosion would be low.  Sod on the levee slopes and gravel on 
the levee-top driving surface would limit soil erosion during subsequent operation.   

Indirect construction impacts related to geology and soils would include water quality impacts 
associated with increased sediment delivery to the Chehalis River downstream of the FRE facility.  These 
types of occurrences would result in a low impact with the implementation of the stormwater and 
erosion control measures noted previously.  During larger storms, a medium impact on water quality 
could occur.   

6.4.1.1.3 Climate Variability 

The projected increase in winter rainfall and extreme precipitation events predicted under the climate 
variability projections for the Chehalis Basin would increase the potential direct and indirect soil loss and 
erosion impacts described in the previous sections.  Implementation of the noted stormwater and 
erosion control measures could reduce some of these impacts but may need to be maintained or 
replaced more frequently in response to the increased occurrence and intensity of larger storms.  
Drainage features along roads and in construction areas may also need more frequent maintenance or 
repair to address erosion, sedimentation, and potential damage caused by larger storms.   

Direct impacts to site geology from bedrock excavation in the FRE facility project area would not be 
affected by climate variability.   
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6.4.1.2 Operations 
Over the long term, there would be a potential for a high impact from increased erosion in the flood 
retention facility project area.  Significant increases in erosion are expected to occur mainly in the 
footprint of the temporary reservoir.  This is because trees are not likely to reestablish in the lower 
elevations near the Chehalis River due to periodic flooding.  Trees would also be cleared from the lower 
elevations to maintain safe operations for the FRE facility.  There would also be negligible changes to soil 
erosion and slope instability from operation of the Airport Levee Improvements.  Indirect impacts on 
geology and soils during the operation of Alternative 1 include low changes to sediment delivery in the 
Chehalis River 100-year floodplain project area.   

6.4.1.2.1 FRE Facility and Temporary Reservoir 

Facility operation would not be expected to impact bedrock geology because there would be no changes 
after construction.  However, there would be potential for medium increases in soil erosion and 
landslide risk from FRE facility operation. 

The main FRE facility would primarily be concrete and pavement, so minimal surface erosion would be 
expected.  Control of stormwater running off these surfaces to adjacent soil and streams would be 
required.  With those measures, soil erosion impacts from the FRE facility would be low.  The concrete 
production facility, staging areas, and spoil areas would be revegetated after construction is complete.  
The combination of vegetation and low gradient slopes minimizes the potential for erosion of the sites.  
Therefore, soil erosion impacts from those areas would be low.  

The quarries would be revegetated per the Surface Mining Reclamation Permit, and the access roads 
would remain in place and require ongoing maintenance to minimize erosion.  Therefore, soil erosion 
impacts from the quarries and access roads would both be low.   

After tree removal in the temporary inundation zone, the tree roots would decay over several years, 
which would reduce the stability they provide to the soil.  The replanting program would include some 
trees whose roots would increase slope cohesion over time.  However, landslides would occur along 
steeper slopes of the harvested portion of the inundation zone for several years.  The material would 
move downslope and, depending on location, would be delivered to local streams and the Chehalis 
River.  The potential increase in landslides from decaying tree roots would be low to high depending on 
location (i.e., proximity to streams). 

As discussed further in the discipline report for geomorphology (Corps 2020b), it is expected that 
deposition of sediment in the footprint of the temporary reservoir would increase compared to the No 
Action Alternative.  This means there would be a decrease in sediments downstream of the FRE facility.  
Given that Alternative 1 would be expected to decrease peak flows during a major or greater flood, the 
potential for increased erosion and sediment transport in the downstream portion of the study area 
would also be reduced.  Over time, these changes are expected to result in less riverbank erosion and a 
medium beneficial impact.  For additional information about how Alternative 1 would be expected to 
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affect those geomorphic processes, including erosion potential river substrate characteristics, and 
sedimentation transport, refer to the discipline report for geomorphology (Corps 2020b). 

LS-26 immediately downstream of the FRE facility would be excavated or stabilized during construction 
and would have no impact.   

Climate Variability 
Under the climate variability projections for the Chehalis Basin, both winter precipitation and the 
occurrence of extreme precipitation events driven by atmospheric rivers are expected to increase.  Such 
conditions would increase the potential for erosion and landslides along the slopes of the temporary 
reservoir during storm events.  An increase in the occurrence of storms driven by atmospheric river 
events, may also increase the frequency and extent of major flooding in the upper Chehalis River Basin.  
This may result in more frequent use of the FRE facility than currently predicted.  The increased 
frequency of reservoir filling and draining would increase the potential for landslide occurrence in the 
temporary reservoir basin.  Both the increase in erosion and landslide potential would increase soil loss 
impacts in those areas.   

6.4.1.2.2 Chehalis-Centralia Airport Levee Improvements 

After the improvements are complete, the airport levee would be maintained the same as it is now 
(e.g., Corps 2019).  That is, there would be sites where localized erosion or instability might occur 
related to driving on the airport levee top, major floods, or intense rainfall.  Monitoring and regular 
maintenance by the Applicant, as well as monitoring by regulators, would minimize the potential for 
temporary or permanent erosion impacts from the airport levee.  Therefore, the potential for localized 
erosion or instability to occur is expected to be low and similar to the No Action Alternative.   

Climate Variability 
Projected increases in winter precipitation and extreme precipitation events under climate variability 
would increase the potential for soil erosion in the Airport Levee Improvements project area.  However, 
due to the small size of that area, the low slope gradients, and the effectiveness of erosion control 
measures, it is unlikely that soil erosion would actually increase at this location.  An increase in the 
frequency and intensity of storm events may also result in an increase in flooding in the upper Chehalis 
River Basin.  Such conditions could result in increased floodwater contact with the improved levee.  As a 
result, increased frequency of levee inspections and maintenance may be required.   

6.4.2 Geologic Hazards  

6.4.2.1 Construction 
Geologic hazard impacts could happen during construction if unstable conditions are created or people 
or structures are exposed to new risk of harm from earthquakes.  Analysis of rock characteristics 
indicates that slopes where construction is proposed are stable.  In addition, the proposed FRE facility, 
related structures, and Airport Levee Improvements would be required to obtain all necessary permits 
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and approvals prior to construction.  This means that the proposed design would be required to meet 
standards to minimize the potential for impacts related to geologic hazards.   

However, during active construction, any new structures may not yet be earthquake resistant.  This 
means there would be a chance that damage, or injury could occur if an earthquake were to happen.  
The potential for such occurrences was determined to be low because the chance of a large-scale 
earthquake happening during construction is low.   

6.4.2.1.1 FRE Facility and Temporary Reservoir 

Steep Slopes and Landslide Hazards.  Bedrock removal at the main FRE facility and the quarries would 
create steep bedrock slopes.  These slopes would be susceptible to rock failure that could endanger 
workers.  Stability analysis of the joints and potential excavation angles was conducted for the FRE 
facility.  Results indicated that the left abutment (facing downstream) would be stable, with minimal 
potential for unstable bedrock blocks during excavation.  Stability analysis for the right abutment 
indicated low potential for instability such as toppling and sliding.  Blasting could also destabilize 
material outside the immediate blast zone.  However, slopes would be excavated in a series of benches 
that would minimize the height and failure potential of the created rock walls.  These procedures would 
also minimize the potential rock volume that might fail.  Some failure is always possible, with potential 
danger to workers in the immediate vicinity.  Therefore, the potential occurrence of geologic hazards 
from bedrock slope failure during construction is considered low to medium.  The excavation at the FRE 
facility is assumed to last up to 12 months.  Therefore, the potential impact would not last for more than 
one season.  Quarry excavation is assumed to last up to 3 years.  Therefore, the potential impact would 
last for more than one season. 

Four landslides were identified that might be affected during construction.  These are discussed under 
Steep Slopes and Landslide Hazard in Section 6.4.2.2.1.  

Seismicity.  There are no active surface faults at the proposed FRE facility or other facility components.  
However, during the construction period there would be potential for earthquakes and seismic shaking 
from the CSZ, the Doty-Salzer fault system, the Scammon Creek fault, or other faults in the region.  The 
main FRE facility and associated buildings would be constructed to withstand seismic shaking from 
substantial earthquakes (see Section 6.4.2.2, Operations).   

During the construction period, the structures would only be partially built and would not be earthquake 
resistant.  Consequently, there would be potential for collapse of or damage to these partially-built 
structures over the 5-year construction period.  Workers at these locations could potentially be injured.  
If earthquakes occurred during bedrock excavation of the FRE structure, the diversion tunnel, or the 
quarries, the site workers would be at risk from collapsing bedrock walls.  Additionally, workers at other 
project components such as the concrete production facility, staging areas, spoil areas, road 
improvements, vegetation removal areas, and landslide mitigation sites would be at risk.   
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Volcanic Hazards.  During construction, there is a low potential for volcanic eruptions with ash fall at 
construction locations.  If the ash fall was sufficient, it would disrupt work because workers could not 
remain outside.  The maximum amount of ash expected, however, would not damage the partially 
constructed facilities.  Ash could damage the moving parts of the various equipment used and there 
would be delays until that ash was removed.  Therefore, the potential impact of volcanic ash falls is low.   

Seiche and Large Waves.  There would be no reservoir created during construction.  Consequently, no 
seiches or large waves could be generated during earthquakes or from rock fall.  There would be no 
impact.   

6.4.2.1.2 Chehalis-Centralia Airport Levee Improvements 

Steep Slopes and Landslide Hazards.  Construction of the levee would result in new fill depths from 4 to 
7 feet on top of the existing levee.  The fill would be compacted as it was placed; however, in the event 
of a large rainstorm prior to compaction, the fill could fail.  There would be virtually no potential for 
shallow landslides of this material once compaction was complete.  The potential for landslides to occur 
during construction of the Airport Levee Improvements is expected to be low.   

Seismicity.  The Chehalis-Centralia Airport and levee are underlain by three potentially active faults.  
These are the Doty and Salzer faults of that fault system and the Scammon Creek fault.  If an earthquake 
occurred on any of these faults during construction, it would potentially displace the airport levee and 
other portions of the airport.  These faults have an up-down movement on either side of their trace, 
which would be reflected in the displacement at the levee and airport.  The potential for such 
earthquakes is low.  However, if such displacement occurred to the partially rebuilt levee, medium 
damage to the levee could be expected.  

During the 1-year construction period, there would be potential for earthquakes and seismic shaking 
from the CSZ, the potentially active local faults, and other regional faults.  It is possible that there would 
be local slope failure at portions of the levee.  Additionally, the alluvial deposits underlying the artificial 
fill and on the north side of the airport are susceptible to liquefaction.  Large amounts of liquefaction 
could destabilize local areas where work is ongoing.  Workers at these locations could potentially be 
injured.  The potential for such earthquakes is low.  Because the Chehalis-Centralia Airport levee already 
exists, there would be no change from existing conditions despite the proposed levee improvements.   

Volcanic Hazards.  During construction, there is a potential for volcanic eruptions with ash fall at 
construction locations.  If the ash fall was sufficient, it would temporarily disrupt work because workers 
could not remain outside.  Because the likelihood is very low and would be a temporary impact, the 
potential impact of volcanic ash falls would be low.   

Seiches and Large Waves.  There is no reservoir at the Chehalis-Centralia Airport.  Consequently, there 
no seiches or large waves could be generated during earthquakes.  If the shaking caused water in the 
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Chehalis River to overtop its banks, that water would be contained by the existing levee.  There would 
be no impact.   

6.4.2.1.3 Climate Variability 

Under the climate variability projections for the Chehalis Basin, both winter precipitation levels and the 
frequency of extreme precipitation events from atmospheric river storms are projected to increase.  
Such conditions would increase the potential occurrence of debris flows, mudflows, and landslides in the 
FRE facility project area, which could affect the construction process.  Increased rainfall and runoff could 
also affect the stability of some bedrock slopes by increasing the potential for slope failure during the 
excavation work.  This could in turn increase risks to worker safety.  Implementation of the slope 
excavation BMPs mentioned previously would reduce this potential.  Similar impacts on the Airport 
Levee Improvements project area are unlikely because of the low slope gradient in that location.   

Climate variability would not affect the seismicity of the FRE facility or Airport Levee Improvements 
project areas or increase or decrease the potential occurrence of earthquakes or seismic shaking.  
Climate variability would not affect the occurrence of volcanic hazards in either project area.  If a 
volcanic eruption occurred during the construction period and ash fall accumulated in the construction 
site, the increased level and intensity of winter precipitation and the increased frequency of extreme 
precipitation events could complicate or delay cleanup efforts at the construction sites.   

6.4.2.2 Operations 
This section addresses the indirect impacts on geology and geologically unstable areas during 
operations.   

Over the long-term, geologic hazards from earthquake shaking impacts on FRE facility structures or the 
Airport Levee Improvements are expected to be low.  As noted above, this is because the Applicant 
would be required to obtain the necessary permit and approvals to ensure the facilities are safely 
designed and built.  In the event of an earthquake that was severe enough for the FRE facility to fail, the 
potential consequences could be significant.  However, it is very unlikely that such a large earthquake 
would occur at the same time that the temporary reservoir was full.   

During operations, there would also be low to medium increases in the potential for landslides and 
increased instability in areas with steeper slopes.  As noted above, this is because of changes to 
vegetation that would be expected over time in the footprint of the temporary reservoir.  During 
drawdown of the temporary reservoir, slope stability, road stability, stream sedimentation, and hillslope 
and road erosion impacts would be high.  There is also the potential for increased risk or large waves 
happening if an earthquake happened when the reservoir was full.  As noted previously, the chance of 
this happening is very low and the potential for geologic hazard impacts from such occurrences is low.   

Because the Chehalis-Centralia Airport levee already exists, there would be no change from existing 
conditions despite the proposed Airport Levee Improvements.   
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6.4.2.2.1 FRE Facility and Temporary Reservoir 

Steep Slopes and Landslide Hazard 
As noted in Section 5.4.1, 27 landslides that could potentially impact the FRE facility and temporary 
reservoir were investigated with results presented in a series of reports (Chehalis Basin Strategy 2014a, 
2015b, 2019c; Shannon & Wilson 2017).  Of the 27 landslides identified, seven were considered to have 
potential impacts related to construction or temporary reservoir inundation and draining.  They are 
LS-3/3a, LS-4, LS-5, LS-10, LS-11, LS-13, and LS-26.  The field, laboratory, stability analysis, and mitigation 
evaluation for these landslides indicated the following (Chehalis Basin Strategy 2019c): 

• LS-3/3a.  Analysis, including under seismic loading, indicated it does not meet static stability 
criteria.  Stability would be improved by installing drainage and toe buttresses.  Not considered 
an unacceptable hazard after stability improvements.   

• LS-4.  Analysis, including under seismic loading, indicated it does not meet static stability 
criteria.  Stability would be improved by installing drainage and toe buttresses.  Not considered 
an unacceptable hazard after stability improvements.   

• LS-5.  Classified as a landslide deposit but does not show signs of activity or movement.  Lower 
half will be covered by the inundation zone.  Determined to be stable under existing conditions.  
Will likely remain stable during temporary reservoir inundation and drawdown.   

• LS-10.  Classified as a landslide deposit but does not show signs of activity or movement.  Lower 
quarter would be covered by temporary reservoir inundation.  Determined to be stable under 
existing conditions.  Will likely remain stable during temporary reservoir inundation and 
drawdown.   

• LS-11.  Lower quarter would be covered by temporary reservoir inundation.  The upper active 
portion is marginally stable to unstable, but temporary reservoir inundation is unlikely to 
decrease its stability.  Stability improvements not likely warranted.  Lower slope shows no signs 
of activity.  Likely to remain stable during temporary reservoir inundation and drawdown.  Could 
be susceptible to retrogressive failure if lowermost slope moved or were eroded but likelihood 
of retrogressive failure is low.   

• LS-13.  Classified as landslide deposit but no signs of recent activity or movement.  Lower 35 feet 
would be covered by temporary reservoir inundation.  Overall slope determined to be stable 
and expected to be stable during inundation and drawdown.  Could be susceptible to 
retrogressive failure if lowermost slope moved or were eroded but likelihood of retrogressive 
failure is low.   

• LS-26.  Located immediately downstream of the FRE facility.  Would be excavated or stabilized 
during construction.  If not fully excavated its stability would be considered in the final design 
phase of the project with stability measures specified.   

Thus, of the seven landslides evaluated, only four are considered to require mitigation to address 
potential instability.  The other 20 landslides were determined to be stable or not affected by reservoir 
inundation and drawdown.  Overall, the impact from all of these landslides would be considered low.  



Environmental Consequences 

Chehalis River Basin Flood Damage Reduction Project 37 NEPA Discipline Report for Geology and Geologic Hazards 

The potential impact would remain throughout the operational period.  Therefore, the impact would be 
permanent.   

The roots of trees removed within the inundation zone would decay over several years, weakening soil 
cohesion and increasing landslide potential.  These conditions would result in a low to medium increase 
in landslide occurrence depending on their proximity to streams.   

Separately from the landslides associated with inundation zone tree removal and root decay, slopes 
within the entire inundation zone would potentially become unstable during periods of inundation and 
draining of the temporary reservoir.  While the entire inundation zone would potentially be unstable, 
only localized landslides would occur during an individual drawdown event.   

The inundation extent behind the FRE facility would be 5.3 miles (on average) and 6.2 miles for the 
major flood conditions and maximum temporary reservoir conditions, respectively.  The inundation area 
would be 188 acres (median) and 778 acres, respectively.  The inundation zones are as follows:   

• 10% chance of being flooded in a year (10-year flood); 405 acres will be underwater to an 
elevation of 568 feet for 27 days per year when flooded 

• 5% chance of being flooded in a year (20-year flood); will be underwater to an elevation of 584 
feet for 4 days per year when flooded 

• 1% chance of being flooded in a year (100-year flood); 709 acres will be underwater to an 
elevation of 604 feet for 1 day per year when flooded 

• Less than 1% chance of being flooded in a year (greater than a 100-year flood) 

During these inundation periods, the soils and colluvium on river terraces and hillslopes would become 
saturated with water.  Proposed temporary reservoir drawdown would be limited to 10 feet per day or 
5 inches per hour.  When the temporary reservoir water level falls, water would also drain from the 
adjacent soils and colluvium.  That draining water produces a pressure against the soil particles which 
can loosen their cohesion.  The water saturating the soil and colluvium also adds weight, increasing its 
instability.   

These conditions would produce slope instability within the entire inundation zone.  Localized landslides 
of small sizes, compared to the 27 large landslides investigated, could occur on all the hillslopes.  
Depending on their location these landslides would deliver sediment directly to the Chehalis River or 
indirectly via local small tributaries that drain to it.  The river terraces in the inundation zone are 
horizontal and their overall surface would be stable.  However, along their faces the draining water 
would produce local instability and small slope failures.  The resulting sediment would be delivered to 
the Chehalis River.   

The exact number and location of slides occurring after any single inundation-drawdown period is 
uncertain.  Drawdown after a major flood would increase the risk of some landslides within about 405 
acres.  This impact would be low to medium depending on landslide proximity to streams and the 
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Chehalis River.  A catastrophic flood would inundate a greater area (709 acres), so the number of 
potential landslides would be greater.  This impact from such occurrences would be medium.  Under 
back-to-back floods (major followed by catastrophic), the impacts of the two floods would be amplified.  
In the 1-year interval between the two floods, the landslides from the first flood would experience little 
vegetation regrowth.  In the second flood, these landslides would continue to erode during drawdown, 
and individual landslides could be further destabilized and grow larger.  The additional inundation would 
also cause new landslides in the major inundation zone.  These new landslides would occur because 
slopes near an instability threshold, but which had not failed during the immediately previous 
drawdown, would have a higher potential to fail.  Additionally, there would be new landslides in the 
area above the major flood inundation zone and the below the catastrophic flood inundation zone.  The 
impacts of the back-to-back floods would be substantial and high.   

Within the inundation zone, the existing road network would be an additional source of surface erosion 
and slope failure.  Approximately 7.6 miles and 10 miles of road would be inundated within the 
temporary reservoir during a major flood and catastrophic flood, respectively.  Water draining from the 
saturated roadbeds on steep slopes would have the potential to cause slope failure.  Depending on 
location, this material would be delivered to local streams and the Chehalis River.  The draining water 
would also cause some surface erosion of the road surface.  Additionally, there would be surface erosion 
of the roadside slope while the water drained out of it.  Depending on the local road configuration, 
some of this water and sediment would be delivered onto local forest floor and would not reach 
streams.  However, some substantial percentage of this water and sediment would be delivered to local 
streams and the Chehalis River via roadside ditches and culverts.  Water draining from the upslope side 
of the ditch would also cause erosion with the material delivered directly to the ditch.  This erosion 
would occur over a period of approximately 2 weeks during drawdown.  Similar to the landslide 
discussion previously, the impact of the major flood, catastrophic flood, and back-to-back floods would 
be low to medium, medium, and high, respectively.   

The existing road network would also be impacted by sedimentation and stream erosion where small to 
large streams enter the temporary reservoir.  During the periods of maximum inundation, the tributary 
streams to the Chehalis River would be at flood stage.  They would transport substantial volumes of 
coarse-, medium-, and fine-grained sediment to the shore of the temporary reservoir.  The transported 
sediment volume would be proportional to each tributary stream’s drainage area.  Much of that 
sediment would be deposited at the temporary shoreline as local deltas.  As the water level drops, 
smaller deltas would also be deposited into these receding shorelines.  In locations where the road is 
near and below these elevations, these deltaic sediments would bury portions of the road.  Additionally, 
these streams would likely flow across the road surface for a short period (several hours at a shore 
drawdown rate of 5 inches per hour) when the reservoir level reaches and drops below the road surface.  
While streamflow at this time would likely be lower than peak flow, that flow would still erode and 
damage the road surface.  Culverts at these locations could also be damaged.  After temporary reservoir 
drawdown, the deposited sediments would need to be removed and road repairs completed as needed.  
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Similar to the landslide and road discussions previously, the impact of the major flood, catastrophic 
flood, and back-to-back floods would be low to medium, medium, and high, respectively.   

Seismic-event-induced slope instability and excessive movement of landslides and slopes could result in 
a landslide dam across the Chehalis River mainstem or one of its tributaries upstream of the FRE facility 
inundation zone (Chehalis Basin Strategy 2019c).  This hazard is an existing condition that would not be 
influenced by the proposed project but would affect the FRE facility operation if it occurred.  Existing 
landslides have been identified with stability modifications identified also.  However, under strong 
seismic shaking during the winter when soils are saturated, landslides could occur in areas currently 
identified as stable.   

Seismicity 
This section qualitatively assesses the increase in risks from seismic shaking to people and property 
during operation of the FRE facility.  It first addresses the stability and potential failure of the main 
FRE facility.  The risk associated with a large structure and the many associated components depends on 
two major conditions.  The first condition is the suitability of the underlying materials to provide a stable 
foundation under operating conditions.  The second is the ability of the final structure to withstand 
anticipated seismic shaking with minimal damage.  The FRE facility itself is discussed first, followed by 
the other proposed project components.  The other components are the CHTR, including its mechanical, 
electrical, and storage buildings, and the quarries.  Lastly, the potential for induced seismicity 
(earthquakes) from the weight of the temporary reservoir water is discussed.   

The FRE facility location was investigated from the geologic and geotechnical perspective for 
approximately 10 years (Chehalis Basin Strategy 2014a, 2015a, 2015b, 2016, 2017a, 2017b, 2018a, 
2019a, 2019b; Laprade 2019; Shannon & Wilson 2009a, 2009b).  The work progressed from general 
reconnaissance through progressively more detailed site investigation.  Initially, local geologic maps and 
geologic literature were considered, followed by field reconnaissance to determine applicability of the 
general maps and to determine site-specific conditions.  Each step identified the sites’ suitability with 
the available information and then identified next steps.  Investigations considered rock strength, 
including crushing of the rock itself.  Bedding and joint orientations were investigated.  Bedding and 
joints are zones of weakness in rocks where the rock mass might fail.  The initial investigations found the 
FRE facility site to be suitable with standard construction techniques.  Over time, 18 boreholes were 
drilled across the flood retention facility footprint.  Borehole depths ranged from 100 to 350 feet.  
Within the boreholes rock type, bedding, and joints were identified.  Rock samples were taken and 
laboratory determination of geotechnical properties was completed for each core.  Detailed seismic 
profiling was then performed across the footprint to determine the continuity of layers identified in the 
boreholes and to identify conditions the boreholes may have missed.  The seismic profiles confirmed the 
continuity of layers between the boreholes.   
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The bedrock bed orientation at the FRE facility foundation was horizontal to 17 degrees to the north.  
Four joint patterns were identified (two from surface outcrops and two from boreholes).  Three were 
oriented approximately northwest-to-southeast, and one was oriented northeast-to-southwest.  

The boreholes and seismic profiling identified the depth of loose, weathered and incompetent rock.  
That depth ranges from approximately 20 feet to 100 feet.  Removal of this material would expose 
competent bedrock for the flood retention facility foundation.   

Beneath the excavation depth, the boreholes identified joints that would allow water leakage and 
upward groundwater pressure against the flood retention facility foundation.  However, grouting 
(injecting liquid grout into the spaces with subsequent drying) was determined to be functional in filling 
these features and controlling groundwater uplift pressure beneath the structure.   

The FRE facility would be a roller-compacted concrete1 (RCC) gravity structure designed to retain water 
primarily by using the weight of the structure to resist the water pressure pushing against it.  Stability 
analysis modeling of the structure was conducted.  This analysis considered the weight of the temporary 
reservoir water both against the flood retention facility and as groundwater pressure produced 
underneath its foundation.  That groundwater pressure produces uplift pressure against the flood 
retention facility, which could destabilize it.  That stability analysis indicated that the underlying 
materials (with the proposed bedrock grouting) and flood retention facility design were stable under 
expected operating conditions of water depth.   

Broadly, the above investigations and associated information indicate that the site’s geological and 
geotechnical characteristics are suitable for flood retention facility construction using appropriate 
design, excavation, and construction.  Additional steps addressing site and facility evaluation are 
presented in Section 8, Mitigation.   

The CHTR facility would be constructed at the FRE facility, so the information above relates to its site 
conditions.  A borehole at the Huckleberry Ridge quarry indicated high quality basalt to a depth of 
94 feet, followed by a zone of claystone-siltstone and competent basalt at depths greater than 131 feet.  
A borehole at the North Quarry indicated a basalt thickness of about 94 feet with varying thicknesses of 
colluvium and weathered bedrock.  A boring at the South Quarry found basalt at depths of 35 feet to 
144 feet.  Basalt at greater depths contained more siltstone lenses.  These quarries all had suitable 
basalt with varying needs for overburden and weathered rock removal and varying amounts of waste 
rock (siltstone and claystone).  No site instabilities were identified.   

 
1 Roller-compacted concrete is a type of concrete that is drier than conventional concrete, allowing it to be compacted by vibratory rollers.   
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Earthquakes and Seismic Stability  
A structure such as the FRE facility must be designed to withstand the largest expected earthquake.  
Specific permits and approvals are listed in Section 7, Permits and Approvals.  Section 8, Mitigation, 
includes further discussion of seismic stability considerations.  

The maximum credible earthquake for the area was determined, considering all potential earthquake 
sources in western Washington and northern Oregon and their expected ground movement 
characteristics at the flood retention facility site.  This analysis identified the controlling maximum 
credible earthquake (CMCE).  That earthquake originates from the CSZ.  That expected shaking and 
shaking duration were tested against the flood retention facility design and construction.   

CMCE analysis also considered the Doty-Salzer fault, which has been identified as potentially active.  
Although the fault is only about 10 miles from the proposed flood retention facility site, the fault’s 
shaking characteristics are less than a CSZ earthquake.   

The flood retention facility structural design was evaluated with respect to earthquake shaking from the 
CMCE, geological conditions, and full temporary reservoir depth.  The analysis considered earthquakes, 
flood retention facility sliding analysis, and post-earthquake uplift.  Design and site conditions met these 
criteria (Chehalis Basin Strategy 2017b, Appendix D).  The conclusions indicated that further refinement 
of the cross-section and shaking analysis should be developed and used during the preliminary design to 
verify that the design meets the analyzed criteria.    

Earthquake effects on other concrete flood retention facilities worldwide were also considered for 
potential effects on the proposed facility (Nuss et al. 2012).  All these flood retention facilities have 
withstood earthquake shaking, except for one that was built directly over an active fault.  A subsequent 
compilation of those effects was presented in 2017 with no new information identified (Nuss et al. 
2017).   

Structures 
The fish CHTR facility, along with its mechanical, electrical, and storage buildings, would be the only 
facilities occupied by people during operations.  These structures would be built to standard building 
codes, including seismic stability requirements.  The potential for large earthquakes over the entire 
operational period is moderate.  While the buildings might sustain damage during a major earthquake, 
meeting seismic design standards minimizes the potential danger to humans.  Overall, operation of the 
FRE facility would result in a medium increase in the potential for such occurrences to cause damage to 
buildings and injury to people.   

Quarries 
After construction, the quarries would undergo restoration based on a site-specific restoration plan 
under their Surface Mining permit.  Steep bedrock slopes could remain with potential for rock fall over 
time.  However, the surface mining permit requires consideration of steep wall stability.  Therefore, 
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unstable rock walls are unlikely to remain.  Also, the quarries are relatively remote and would be 
infrequently visited.  Consequently, the potential for rock falls that would endanger human life is low.   

The site-specific restoration plan would address potential soil erosion in areas used for quarries.  
Consequently, the potential for impacts from increased soil erosion impacts in those areas is low.   

Induced Seismicity 
With respect to reservoirs, induced seismicity can occur when the weight of impounded water causes 
earthquakes in the vicinity (Foulger et al. 2018).  The largest suspected seismically-induced earthquakes 
are associated with very large reservoirs such as Zipingpu, China; Koyna, India; or Aswan, Egypt 
(Foulger et al.  2018).  These reservoirs store more than 10 times the expected volume in the proposed 
flood-retention temporary reservoir (i.e., greater than 800,000 acre-feet versus up to 65,000 acre-feet, 
respectively).  Additionally, those are permanent reservoirs that are maintained at the maximum 
feasible capacity depending on annual climate and water needs.  The proposed flood-retention facility is 
expected to fill and empty over a period of approximately 1 month every 7 years.  Based on the small 
volume of water, the short fill time when used, and the likelihood that impoundment would occur 
approximately once every 7 years, the potential for disruptive induced seismicity from reservoir filling is 
considered low.   

Volcanic Hazards 
The only volcanic hazard that might occur at the FRE facility is volcanic ash fall.  There is a low 
probability of up to 4 inches of ash fall at this locality (Wolfe and Pierson 1995).  That amount of ash fall 
would not impact the FRE facility.  The only moving parts of the FRE facility are the Tainter gates, which 
would hold back floodwater.  There is minor potential for the ash to get into the Tainter gates because 
they are within the facility with minor exposure to the outside air.  The CHTR facility is enclosed, so 
there would be minor potential for ash to enter the building and damage equipment.  Workers at these 
facilities would be affected by the ash and would have to remain indoors and use protective gear 
(breathing masks and eye protection) while outdoors.  The impacts would be low.   

Seiches and Large Waves 
Seiches and large waves could impact the temporary reservoir perimeter, the FRE facility, or overtop the 
FRE facility spillway when the reservoir is at or near full capacity.  Seismic shaking from a large 
earthquake could set up a seiche within the inundation area.  Similarly, a large, fast-moving landslide or 
a large rock fall directly into the temporary reservoir could cause large waves.  Only two existing large 
landslides (LS-3/3a and LS-4) could cause large waves.  Mitigation modifications to those two landslides 
would prevent them from failing and causing large waves.  Therefore, large, fast-moving landslides 
would have a low likelihood of impacting the temporary reservoir.  

Steep slopes forming cliffs above the inundation zone occur in several locations.  They extend for about 
4,500 feet on the north side of Crim Creek (the first tributary valley immediately to the southwest of the 
proposed FRE facility), on the west slopes along the Chehalis River at approximately RM 109 to RM 110, 



Environmental Consequences 

Chehalis River Basin Flood Damage Reduction Project 43 NEPA Discipline Report for Geology and Geologic Hazards 

RM 110 to RM 110.5, RM 111.5 to RM 112, and on the east side at approximately RM 112.  Shannon & 
Wilson (2009a) considered it unlikely that rock falls from bedrock cliffs upstream of the FRE facility 
would be sufficiently large to cause significant displacement of temporary reservoir water.  Additionally, 
large rock falls were not identified by Sarikhan et al. (2008) after the 2007 flood.  Also, large rock falls 
were not identified during the slope stability evaluations conducted for the proposed FRE facility.  These 
evaluations included aerial photography interpretation of the entire inundation area as well as field 
inspections.  Consequently, large rock falls would have a low likelihood of impacting the temporary 
reservoir.  

Freeboard is the elevation difference between the temporary reservoir maximum elevation and the FRE 
facility spillway elevation.  The freeboard would be 29 feet for a 100-year flood.2  The proposed flood-
retention facility is expected to fill and empty over a period of approximately 1 month every 7 years.  
During that time, the temporary reservoir would be near maximum elevation for about 2 weeks.  To 
produce a substantial seiche or wave, the triggering flood would have to occur during that 2-week 
period.   

The likelihood that the triggering flood would occur during a specific 2-week period that would occur 
every 7 years is considered low.  Therefore, the potential for seiche, fast-moving landslides, or rock fall 
to cause impacts to the FRE facility and subsequent downstream impacts is considered low.  The 
potential for effects within the temporary reservoir, to the retaining structure, or to human life in the 
immediate vicinity is considered low.  The potential for these types of effects downstream of the 
structure at Pe Ell is also considered low.   

Climate Variability  
The projected increase in winter precipitation and the occurrence of extreme precipitation events driven 
by atmospheric rivers under climate variability would likely exacerbate the potential geologic hazard 
impacts described in the preceding sections.   

Increased rainfall and extreme precipitation events would increase surface runoff and the potential for 
erosion and landslides along the slopes of the temporary reservoir during the winter.  An increase in the 
occurrence and intensity of extreme precipitation events may also increase the frequency and extent of 
major flooding in the upper Chehalis River Basin, which could require more frequent use of the FRE 
facility.  The increased frequency of reservoir filling and draining would increase the potential for 
landslide occurrence and erosion along the shorelines and roads of the temporary reservoir basin.   

Although climate variability would not affect the occurrence of ground shaking or earthquakes in the 
project areas, the potential for a seismic event induced landslide dam across the Chehalis River 

 
2 The elevation difference between the riverbed at the FRE facility and the spillway crest would be 208 feet (420 feet and 628 feet, 
respectively).  The reservoir depth at the FRE facility would be 179 feet during a 100-year flood, providing 29 feet of freeboard below the 
spillway crest.  The reservoir capacity during a 100-year flood would be 48,150 acre-feet.  At maximum capacity, the reservoir would hold 
65,000 acre-feet, and the water surface would be at the spillway crest.  That volume is approximately 1.35 times greater than the 100-year 
flood.  The 2007 flood (the maximum on record) would have resulted in a storage volume of 60,246 acre-feet and a surface water elevation of 
620.4 feet.  That volume is approximately 1.25 times greater than the 100-year flood.  A 2007-sized flood would have a freeboard of 7.6 feet. 
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mainstem or one of its tributaries upstream of the FRE facility inundation zone would increase.  The 
increase in soil saturation caused by greater precipitation and the increased frequency and intensity of 
larger storms would increase the potential for slope instability, which would be susceptible to failure 
during a seismic event.   

In addition to changes in winter precipitation patterns, the projected increase in summer temperatures 
and extreme heat events coupled with a predicted decrease in summer precipitation could increase the 
potential for wildfires in the forestlands adjacent to the FRE facility.  Loss of trees along reservoir slopes 
from wildfire could further reduce slope stability and lead to additional landslides and slope failures in 
the temporary reservoir.   

6.4.2.2.2 Chehalis-Centralia Airport Levee Improvements 

Steep Slopes and Landslide Hazard 
The levee system slopes would be the only slopes associated with the proposed project.  The slope angle 
would be approximately 27 degrees, similar to existing conditions.  This angle is considered stable.  Also, 
the material composing these slopes would be compacted to minimize water infiltration during flooding.  
Consequently, there would be minimal potential for slope instability and a low impact from potential 
slope failures.   

The levee surface would be covered in gravel to provide a drivable surface.  The side slope would be 
covered with sod.  The gravel and sod minimize the potential for surface soil erosion.  These measures 
would reduce the potential for soil erosion to low.   

Seismicity 
Earthquakes could occur after completion of the levee system enhancements.  The compacted levee 
materials would likely withstand the seismic shaking under non-saturated conditions.  Under somewhat 
saturated conditions, such as at the end of winter or when floodwaters have been against the levee for 
several days, there would be some potential for local collapse.  Also, the airport and levee are underlain 
by alluvium with a moderate-to-high liquefaction potential.  Consequently, there is a medium-to-high 
potential that a large earthquake would damage portions of levee system both under current and future 
conditions even with the improvements.  Because the Chehalis-Centralia Airport levee already exists, 
there would be no change from existing conditions despite the proposed Airport Levee Improvements.   

Volcanic Hazards 
Risk of volcanic ash fall in the study area is low.  Volcanic ash fall at the Chehalis-Centralia Airport levee 
would have no effect on the levee once the proposed Airport Levee Improvements were completed.  
There would be no impact.   

Seiche and Large Waves 
Because there would be no reservoir or body of water at the levee during typical conditions, 
Alternative 1 would not result in an impact related to risk of a seiche.  However, if a large earthquake 
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occurred during a major or greater flood, the seismic shaking could cause a seiche that might overtop 
the levee.  Because the levee height will be increased, the potential of such an occurrence is lower than 
under baseline conditions.  Therefore, the potential impacts from such an event are considered to be 
low.   

Climate Variability 
The potential for climate variability to affect geologic hazards in the Airport Levee Improvements area is 
limited.  Projected increases in winter precipitation and extreme precipitation events under climate 
variability would increase the potential for flooding in the upper Chehalis River Basin.  Such conditions 
could result in increased floodwater contact with the improved levee.  As a result, increased frequency 
of levee inspections, maintenance, and repair may be required.  If the airport levee were damaged 
during a seismic event, the potential increase in winter precipitation and flooding could complicate or 
delay levee repair efforts.  If substantial levee damage occurred during the winter or early spring, 
floodwaters could enter the protected area behind the levee.   

6.5 Alternative 2:  Flood Retention Only (FRO) Facility and 
Airport Levee Improvements 

Alternative 2 would be the same as Alternative 1, except the flood retention facility, termed flood 
retention only (FRO), would be built on a smaller foundation.  Unlike the FRE facility, the foundation 
would not be designed to allow for future expansion of flood storage capacity.   

It is assumed that the flood retention facility construction period for Alternative 2 would be about 
9 months shorter than Alternative 1.  The FRO facility components would be the same as those for the 
FRE facility; however, the FRO facility would require approximately 460,000 cubic yards of foundation 
excavation in soil and colluvium and approximately 110,000 cubic yards of bedrock excavation.  Those 
values compare to the FRE facility at 710,000 cubic yards and 210,000 cubic yards, respectively.  The FRO 
facility would have a diversion tunnel 1,500 feet long, compared to the 1,635-foot tunnel for the FRE 
facility.  The diversion tunnel bedrock excavation volume for the FRO facility would be approximately 
52,000 cubic yards, assuming a 20-foot diameter, compared to 57,000 cubic yards for the FRE facility.  
There would be approximately 796,450 cubic yards of aggregate needed to construct the FRO facility 
structure, compared to 937,000 cubic yards for the FRE facility.   

Consequently, FRO facility quarry excavation would be less than for the FRE facility.  Acres of non-
temporary-reservoir vegetation clearing would be 68 acres for the FRO facility compared to 85 acres for 
the FRE facility.   

Operations of the FRO facility under Alternative 2 would be the same as Alternative 1.   

The construction and operation of the Airport Levee Improvements and subsequent operations would 
be the same as for Alternative 1.   
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6.5.1 Geology 
The impacts associated with Alternative 2 would be the similar to those described for Alternative 1.  
However, the impacts would be slightly lower because of the reduced size of the flood retention facility.  

6.5.1.1 Construction  
Overall, construction impacts with respect to bedrock geology, soils, and soil erosion would be the same 
as described for Alternative 1.  While the construction-related impacts would be similar to Alternative 1, 
they would be slightly lower because of the reduced size of the flood retention facility and the reduced 
time frame of construction.   

The construction impacts of the Airport Levee Improvements would be the same as for Alternative 1.   

6.5.1.2 Operations  
The operational impacts of Alternative 2 for the FRO facility on bedrock geology, soils, and soil erosion 
would be the same as Alternative 1.   

The operational impacts of the Airport Levee Improvements would be the same as for Alternative 1.   

6.5.2 Geologic Hazards  

6.5.2.1 Construction  
The risks related to geologic hazards (steep slopes and landslides, seismicity, volcanic hazards, and 
seiche) for the FRO facility during construction of Alternative 2 would be similar to but less than 
Alternative 1 because of the reduced size of the flood retention facility and the slightly reduced 
construction period.   

The construction impacts of the Airport Levee Improvements would be the same as for Alternative 1.   

6.5.2.2 Operations  
The operational impacts of Alternative 2 for the FRO facility would be the same as Alternative 1.   

The operational impacts of the Airport Levee Improvements would be the same as for Alternative 1.   
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7 REQUIRED PERMITS AND APPROVALS 

This section provides a list of anticipated permits and approvals specific to the protection of geologic 
resources.  The permits and approvals listed in this section are generally associated with the impacts 
identified in Chapter 6.  Relevant best management practices (BMPs), development standards, or other 
actions that would be required by these regulations and/or permits are also provided.   

7.1 Federal  
Federal permits would include the following:   

• CWA Section 402 National Pollutant Discharge Elimination System, Construction Stormwater 
General Permit (Washington Department of Ecology [Ecology]).  Construction of the proposed 
project would disturb 1 acre or more of land through clearing, grading, excavating, or stockpiling 
fill material.  This action requires a Construction Stormwater General Permit.  This permit 
requires the preparation of a Stormwater Pollution Prevention Plan and temporary erosion and 
sediment control plan to identify BMPs to reduce impacts from construction stormwater. 

• CWA Section 404 Permit (Corps).  Construction of Alternatives 1 and 2 would affect wetlands 
and other waters.  A DA permit under CWA Section 404 would be required.  This permit requires 
demonstration of avoidance and minimization, an alternatives analysis and selection of the least 
environmentally damaging practicable alternative, and compensatory mitigation for 
unavoidable impacts.   

7.2 State  
State of Washington permits would include the following:   

• Dam Construction Permit (Ecology).  The Ecology Dam Safety Office provides oversight and 
approval for the construction or modification of a dam with a reservoir with 10 acre-feet or 
more of water storage. 

• Sand and Gravel Permit (Ecology).  This permit is required for the discharge of pollutants from 
sand and gravel mining operations and related facilities into waters of the state.  The permit 
regulates discharges of process water, stormwater, and mine dewatering water associated with 
sand and gravel operations, rock quarries, and similar mining operations, including stockpiles of 
mined materials.  It also covers concrete batch operations and hot mix asphalt operations.  It 
requires the development of a stormwater pollution prevention plan.   

• Surface Mining Reclamation Permit (DNR).  This permit is required for each mine that:  1) 
results in more than 3 acres of mine-related disturbance; or 2) has a high-wall that is both higher 
than 30 feet and steeper than 45 degrees.  This would include local government approval of 
surface mining, issuance of a DNR Surface Mining Reclamation Permit, and issuance of an 
Exploration Reclamation Permit.   
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7.3 Local 
County and city permits would include the following: 

• Shoreline Substantial Development Permit (Lewis County).  The proposed project would 
involve new development in the shoreline area of the Chehalis River that is regulated by the 
Washington State Shoreline Management Act and the Lewis County Shoreline Master Program.  
This action would require a Shoreline Substantial Development Permit.   

• Land Use Permit (Lewis County).  This permit is required for land development actions or 
changes in land use in Lewis County. 

• Fill and Grade Permit (Lewis County).  This permit is required for construction projects that 
require movement of earth in Lewis County.  The permit requires consideration of erosion and 
sedimentation to surface waters in the vicinity of the project. 

• Earthmoving Permit (City of Chehalis).  This permit is required of construction projects that 
require movement of earth or clearing in the City of Chehalis.  The permit requires consideration 
of erosion and sedimentation to surface waters in the vicinity of the project.   

• Land Use Permit (City of Chehalis).  This permit is required for land development actions or 
changes in land use in the City of Chehalis.   
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8 MITIGATION 

It is expected that the risks related to the proposed flood retention facility would be mitigated through 
compliance with applicable permits and design standards required by compliance with the Washington 
Safety of Dams Program.  Similarly, it is expected that the risks associated with the Chehalis-Centralia 
Airport Levee Improvements would be mitigated through compliance with applicable permits and design 
standards required by compliance with the City of Chehalis grading permit and the Corps levee 
standards.  Additional steps that would be implemented addressing site and facility evaluation are 
included in the remainder of this section.  These steps include a process for identifying best practices 
that would be used during construction and operation of the flood retention facility to minimize 
potential impacts.   

8.1 Flood Retention Facility 
The information and analyses developed to date for the flood retention facility structure provide a 
substantial basis for considering it to be stable from the geological and seismic perspective.  The next 
step would be permitting-level design for a permit application.  That application would provide further 
analyses and detailed design information for all stages of the project.  The Ecology Dam Safety Office 
would provide comprehensive review and comments on the analyses and design.  Structural design and 
seismic integrity would be reviewed by individuals knowledgeable in those specialties.  Those comments 
would be incorporated into the final analyses and design for a permitted project that would move to 
construction.  Further design would include seismic shaking, foundation conditions, foundation 
groundwater pressure, and flood retention facility construction design details related to its structural 
integrity.   

Previous information and analysis on landslide stability and control would be updated.  Final detailed 
plans for their stabilization would be determined.  The stabilization analyses and plans would be 
reviewed and approved by the Ecology Dam Safety Office.  Plans would also include stormwater runoff 
and soil erosion control during implementation of the stabilization measures for each individual 
landslide.  Those plans would be reviewed, commented on and then approved by Ecology.  Operational 
landslide monitoring (e.g., movement, inclination [angle], and groundwater levels) would provide 
information on their stability during the operational period.  Remedial stabilization actions would be 
required if that monitoring indicated instability.   

During the final design phase, the final project footprint would be determined including the flood 
retention facility structure and each individual project component (e.g., the temporary fish trap and haul 
facility, the CHTR, and the concrete production facility).  That information would provide the final 
excavation footprint and volume.  A detailed construction sequence would be determined addressing 
and integrating the grading and excavation of all project components through their completion.   
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With a specific sequential footprint, excavation and construction phasing, the detailed stormwater and 
soil erosion control plans, including construction monitoring, would be prepared (Ecology 2019).  Those 
plans would form part of the permit package to be submitted to Ecology, which would be reviewed and 
modified per comments received.  These plans would address stormwater and sediment control and 
containment for each project component individually.  They would include pre-construction component 
perimeter isolation, clearing and grading, and excavation.  They would also address the changing 
footprint of the flood retention facility structure as excavation and construction progressed.  Plan 
monitoring would provide information on effectiveness and failures.  Failures would be expected to be 
addressed in an expeditious manner by on-site personnel.  Effectiveness evaluation would be important 
for informing implementation and maintenance of the stormwater and erosion control features over the 
remaining, multi-year construction period.   

Similarly, component-specific stormwater and erosion control plans would be developed for road 
upgrading, quarry excavation, vegetation plan implementation including tree removal and planting, and 
power line installation.   

During construction, the Applicant would be required to monitor all aspects of the work.  Additionally, 
the permitting agencies would conduct a variety of inspections and reviews of all the activities described 
above.  The multiple layers of monitoring and inspection during the entire period provide another 
means of ensuring the project meets the design and permitting standards.   

Implementation of the Ecology Dam Safety Office review of the flood retention facility structure’s 
seismic, foundation, and construction details would provide a final structure that would be expected to 
withstand the contained water volume and expected seismic shaking from the CMCE.  Implementation 
of the final landslide control measures would be expected to be effective.   

During construction, the implementation of the stormwater and erosion control plans for the flood 
retention facility and all the project components would be expected to be effective. 

During operations, the monitoring and maintenance of stormwater and erosion control plans for project 
components would be expected to be effective.   

During operations, the slope instability caused by inundation and drawdown of the temporary reservoir 
sideslopes would produce a substantial amount of slope instability and sediment influx to the Chehalis 
River.  Planting of flood-tolerant trees in the tree-cleared zone would provide some localized cohesion 
to the slopes as those trees and their root systems grew.  However, that cohesion would not be 
sufficient to overcome the instability caused by the water saturating and draining from those slopes.   
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8.2 Chehalis-Centralia Airport Levee Improvements 
During construction, the implementation of stormwater and erosion control plans, including monitoring 
required by applicable permits, would be expected to be effective. 

After construction and during use, the implementation of monitoring to identify and address any 
stormwater runoff or erosion issues would be expected to be effective.   
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